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COSTS AND BENEFITS OF AGRICULTURAL RESEARCH: 
STATE OF THE ART AND IMPLICATIONS FOR THE CGIAR 
G. Edward Schuh and Helio Tollini 
INTRODUCTION 
1. This paper was undertaken at the request of the Consultative Group 
for International Agricultural Research (CGIAR). The Terms of Reference for 
the study suggested the following four objectives: 
a. to review existing methods which might be suitable for assessing and 
monitoring the impact of agricultural research and its cost-effectiveness, 
b. to identify the methods and procedures which could most usefully be 
applied to CGIAR programs and activities, 
C. to determine the extent to which such methods and procedures are already 
in use within the CGIAR system, and 
d. to suggest what actions might be taken to provide the CGIAR with useful 
continuing information for evaluating the cost-effectiveness of indi- 
vidual programs and activities and the CGIAR system as a whole. 
.- 
2. The concept of cost-effectiveness logically comes up in a situation 
in which resources are. limited and there is some desire to allocate those re- 
sources to where their productivity-at the margin is highest..-The motivation 
for this paper is presumably a budget allocation for the International Centers 
that soon will reach $100 million. As the network of Centers has been put in 
place there have been few "hard" allocation questions. Once a decision was 
made to establish a Center with a given set of research objectives, funds were 
allocated to bring it on stream and to establish its respective program or 
programs. 
3. This growth phase appears to be nearing an end and a period of 
consolidation is in progress. To sustain or increase current budget levels the 
Centers will have to compete with alternative uses of development resources. 
Moreover, difficult allocation questions will arise both among the various 
programs within a given International Center and among the various Centers 
themselves. lJ 
L/ In fact, such questions are already being raised. Moreover, both 
the recently established quinquennial reviews by TAC and the com- 
missioning of the present paper are reflections of a concern by 
the Consultative Group for allocation and management questions. 
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4. This paper is devoted primarily to a dimussion of how the 
decision-making process with respect to these difficult decisions might 
be improved. We have broadened our assignment from the rather narrow 
concept of cost-effectiveness, with its connotation of "are you being 
productive?", to a more general discussion of the problem of evaluating 
agricultural research and of establishing research priorities. 
5. Allen (5) makes a useful distinction between research manage- 
ment and research administration. Research management involves essentially 
three sets of decisions: (1) the amount of funds to be allocated to re- 
search; (2) the choice of research problems to be investigated with available 
funds; and (3) the appropriate research strategy to be employed in the in- 
vestigation of a given problem. Research administration, on the other hand, 
involves the day-to-day decisions required to efficiently carry out the 
research task. 
6. Cost-effectiveness is associated with research administration, 
and involves questions of the mix of assistants versus professionals, choice 
of instruments and,equipment, and so forth. We stay away from such questions, 
in large part because so little research has been done on how to efficiently 
organize agricultural research. The cost-benefit framework which we have 
chosen, and the procedures based on it that have been devised for ex ante -- 
decision-making, are suitable for dealing with the management question which 
in our view is the key issue. L/ Our paper reviews the various procedures 
available under these two rubrics, and makes recommendations on how 
they might be used within the CGIAR system. 
7. To anticipate our conclusions and recommendations, we recommend 
no simple formula, techn:iques, or procedure that would be uniformly applied 
and used to evaluate individual research programs. Rather, we suggest that 
the problem of assessing and monitoring the research programs is a respon- 
sibility of the individual Centers. This is a logical implication of the 
diversity in goals and mj:ssions of the various Centers. Moreover, we believe 
this assessment and analysis of the research programs should constitute an 
integral part of the Center's ongoing program, and that it should be .viewed 
as "research on research". If this approach is taken, there will be ,not 
only an improvement in the efficiency with which resources are used within 
the research process itself, but the new knowledge and technology pro- 
duced by the Centers will make a greater contribution to the development 
of world agriculture. 
8. The spirit of this paper is positive and constructive. It carries 
no connotation of dissatisfaction with what the'centers have accomplished to 
date, or that there has been a gross misallocation of resources either between 
Centers and other research institutions or among the various programs within 
individual Centers. Rather, it attempts to bring together the current -. 
state of the art for making decisions on agricultural research, and dj:scusses 
how this information migh.t be used in the context of the individual Centers. 
11 Lindner (56) has an excellent discussion of the issues involved between 
research management and research administration. 
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1. BACKGROUND 
9. In this section we attempt to do three things: (1) explain why 
an evaluation and analysis of agricultural research may be useful; (2) dis- 
cuss the difficulties inherent in making such an evaluation; and (3) examine 
some of the conundrums one faces in operationally doing such evaluation and 
analysis. 
A, Why Evaluate and Analyze Agricultural.Research? 
10. The notion that agricultural research and the knowledge so gen- 
erated is an important means of raising agricultural productivity is now 
widely accepted. International development agencies currently give agricul- 
tural research a higher priority than they did some ten years ago, and devel- 
oping countries are making a stronger commitment to strengthening their 
agricultural research capability than they have in the past. 
11. World expenditures on agricultural research are now on the order 
of approximately $5-6 billion per year. As the resource commitment to agri- 
cultural research becomes progressively larger , important questions of re- 
source allocation inevitably arise. Resources used for this purpose have 
alternative uses, and if developmental resources are to make their maximum 
contribution to improving the welfare of an ever growing world population, 
they have to be used efficiently. To put it somewhat differently, research is 
an economic activity requiring the organization of scarce resources. 
12. An analysis of costs and benefits provides the means of handling 
these allocation questions. We choose to frame the discussion in terms 
of these concepts rather than the more narrow concept of cost effective- 
ness since it enables us to discuss a wider range of problems. Moreover, 
the concepts of costs and benefits can be extended to include or incorporate 
(at least in principle) the various qualitative dimensions of agricultural 
research. 
13. The need for a cost-benefit analysis of expenditures on agricul- 
tural research arises logically as a consequence of the lack of efficient 
markets to allocate resources for this purpose. There are no readily avail- 
able markets for the output of a research process. Prices are not established 
for the product of the research activity, in part because much of such knowl- 
edge is free to the user once it becomes available. 
14. This lack of an efficient market has two important consequences. 
First, there are little by way of market signals to allocate scarce 
research resources among alternative uses. Consequently, such alloca- 
tions tend to be made largely. by administrative decree. Second, in 
the absence of a benefit-cost analysis, society tends to under-invest 
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in agricultural research in the aggregate. Since many of the benefits 
of agricultural research cannot be captured by private firms, they 
will allocate fewer resources to this use than they otherwise might. 
Equally as important, government agencies in allocating resources purely 
on the basis of "informeNd" judgment may also allocate insufficient 
resources to this endeav'or. In fact, the observed high social rates of 
return to past investments in agricultural research suggest just such an 
under-investment. 
15. The allocation question is important, for within the possible 
range of agricultural re,sea.rch activities, some activities will have 
a higher pay-off than others. To maximize social output, resources 
should be allocated wherle their contribution is greatest at the margin. 
16. The investment question is important because an under-investment 
in agricultural research will mean the sacrifice of potential output and 
the possible improvement in human welfare. Similarly, over-investment in 
research, should this oclcur, has comparable consequences, except that the 
sacrificed output and human welfare arises because of the failure to use 
the resources in alternative uses. 
17. Cost-benefit analysis provides a means of generating decision 
information that would normally be generated by a market or markets. 
Hence, its contribution is to assist in obtaining a more efficient 
allocation of resources within the research sector, and to assist in 
obtaining the optimum allocation of resources to agricultural research 
in the aggregate. 
18. At the most elementary level this issue is one of priorities. 
Some, of course, would argue that no attempt should be made to 
establish priorities in research, for in their view the task is too 
difficult. But that argument is largely academic. Priorities are 
established all the time,, if by no other means than that resources 
are not available to do all that one might want to do. The fundamental 
question is whether systematic analysis by means that lead to quantifi- 
able decision variables can improve the decision-making that inevitably 
takes place. 
19. There are other reasons than the allocatory and investment 
questions for desiring to evaluate and analyze agricultural research. 
For example, the diffusion of one technical innovation may increase 
the potential pay-off from another innovation. If the research process 
is being monitored and evaluated, these potential high pay-off opportu- 
nities will be more quickly identified. 
20. Second, as will. be noted below, technical change often has some 
deleterious consequences associated with it in the form of unexpected 
shifts in the distribution of income, the premature release of labor 
from agriculture, and effects on the environment. If these consequences 
are identified at an early date, corrective measures can be adopted. 
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This will facilitate the adjustment to the new situation, thereby making 
for a higher net social payoff, and also avoid unnecessary and often 
ill-informed criticisms of the technology itself. 
21. Finally, changes in economic policy and modifications of the 
environment are often required to make the diffusion of a given tech- 
nical innovation possible. Monitoring and assessing the research process 
and its output will identify these changes and modifications and provide 
the basis for bringing them about. These 9 in turn, will make agricul- 
tural research a more effective contributor to agricultural development. 
22. To conclude, there are three important benefits from monitoring 
and assessing the research process: (1) it provides a basis for justify- 
ing budget support, thereby leading to investments in the appropriate 
amounts in agricultural research; (2) it provides the basis for making 
a more efficient use of the resources allocated to agricultural research; 
and (3) it provides the basis for making agricultural research a more 
effective contributor to agricultural development. The state of knowledge 
on agricultural research has now progressed to the point where many of 
these benefits can be realized, if resources are allocated to the appro- 
priate analytical and empirical research. 
B. Difficulties Inherent in Evaluating and Analyzing Research 
23. Recognition of the possible contributions from assessing and 
monitoring agricultural research does not clear the path to easy 
empirical work, nor make the decision-making process any easier. There 
are inherent difficulties in making cost-benefit studies of agricultural 
research, and at least three of them deserve special mention at this 
point. (Other difficulties will be noted in the next section.) 
24i The first inherent difficulty is that of serendipity. Research 
is not a mechanical process that can be programmed as an ordinary indus- 
trial process. The very fact that a problem requires research implies 
that there are some unknowns in the system. A solution to a problem 
is often found through luck or a chance discovery. Such discoveries 
often make possible quantum jumps in science, 
25. This problem gives rise to difficulties in attempting to assess 
the cost-benefit ratios or cost effectiveness of research, especially 
when the goal is to make ex ante analyses (in contrast to ex post) as 
a means of guiding research decisions. The difficulty is in knowing 
how to predict when such an insight or discovery will occur. The 
problem is doubly difficult in that such chance discoveries may often 
come from activities in fields rather far removed from where the dis- 
covery has direct application. 
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26. Serendipity is re:Lated to creativity, of course, and this brings 
up another issue. There are inherent difficulties in attempting to 
program research, since excessive programming can stifle creativity. l-1 
The need to justify in economic terms every endeavor he undertakes can 
cause the researcher to direct his labors to those activities that 
have obvious and easily understood benefits, while neglecting those 
that have more risk. The inhibition of entrepreneurship that results 
can have important long-run implications. 
27. Finally, there is the inherent difficulty with basic research. 
Benefits from applied research can be rather easily specified, since - 
such research typically has rather well-defined objectives that are 
expressed in terms that can for the most part be readily measured. 
The situation with basic research is not so felicitous. The output of 
the research process is generally some relatively abstract knowledge 
whose relevance may not be readily apparent. Moreover, by definition 
such knowledge may have applicability over a wide range of problem- 
solving research. 
28. Making ex ante judgments of the value of such knowledge is 
quite difficult, and there are limitations in assessing it even in 
an ex post sense. Yet such research may ultimately have the highest 
payoff to society. Potential growth would be sacrificed if such 
research were not undertaken because of the difficulties of assessing 
either the benefit or cost stream. 
c. Some Conundrums 
29. Difficulties discussed in this section are of a more opera- 
tional nature. They involve both problems of concept - how one defines 
what one is after - and problems of measurement. Each presents diffi- 
culties in making cost-benefit analysis an operational tool for guiding 
the allocation of agricultural research resources. 
a. Definition of output 
30. In principle the research process can be viewed just as any other 
production process. Inputs of various kinds are combined in rather parti- 
cular ways to produce an output. The problem is in knowing how to define 
the output. 
31. At the most abstract level, most would probably agree that the 
important output of the research process is new knowledge. If there 
were a market in which this new knowledge were bought and sold, and the 
output were in identifiable units, the measurement problem would be 
relatively straight-forward. One could measure the number of units 
produced and multiply it by the price determined in the market, and a 
measure of the total value of output would be at hand. 
.u For a cogent discussion of this problem, see Schultz (86). 
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32. Unfortunately, the world is not that simple. Knowledge is 
intangible and in some respects undefinable, although in many respects 
we may recognize it when we "see" it. But reaching agreement on what a 
unit of knowledge is would be quite difficult. 
33. Similarly, no well-defined market exists for knowledge, despite 
the fact that knowledge obviously has economic value, and that individuals 
who produce it tend to be rewarded in proportion to their ability to 
produce it. Hence, at this rather abstract level we are left in a situa- 
tion in which it is difficult to agree on the unit we want to measure, 
and there is no mechanism which gives us a direct measure of the value 
of the unit to society. 
34. Because of these difficulties, researchers attempting to evaluate 
research have used a number of different surrogates for the output of the 
research process, each of which has certain strengths and weaknesses. One 
approach is to recognize that the knowledge produced by the research process 
is typically published in the form of scientific and technical papers. The 
number of such papers then serves as a proxy for the output variable. L/ 
35. An advantage of this approach is that it does provide a number 
to work with. Moreover, to the extent the publications are screened by 
knowledgeable scientists as a basis for publication, there is some 
assurance that a publication reflects something called 'new knowledge". 
36. By the same token, however, it is clear that the "amount" of 
knowledge transmitted in a published paper varies a great deal from one 
paper to another. There are serious difficulties in attempting to place 
relative values on the publications, and the most that has been done to 
date is to assume that "a publication is equal to a publication". 
37. It should also be noted that the review process for publication 
is itself imperfect. Well-intentioned researchers can disagree over whether 
a given publication contains information that advances our knowledge or not. 
We are all aware of the unorthodox but important idea that is rejected 
for publication. And similarly, we are all aware of the paper that gets 
published because of the name attached to it, rather than the content it 
carries. 
38. The use of number of publications as a measure of the research 
output can also have pernicious long-run consequences on the research 
industry, even though it may have value in an ex post check of what has 
transpired. The problem is that researchers can easily play the "publi- 
cation game" if numbers of publications are used as an index of output 
and productivity. Publications can be broken down into smaller units, 
different perspectives on the same project can be published in separate 
journals, and so on. 
L/ See Chapter 5 of Evenson and Kislev. (34) 
39. An alternative approach is to define the output in terms of some 
well-specified innovation, This moves the concept of output closer to 
something that has more immediate economic value, and it provides an index 
about which it might be easier to reach agreement. Moreover, an innovation 
can be related more directly.to the original objective or objectives of the 
research process. Examples of such innovations include hybrid corn, an 
improved inbred line, an nsectic ide that treats a particular pest, a 
fungicide that controls a diseases etc. 
40. The difficulty with this concept, of course, is the problem of 
non-adoption. In some sense an innovation has to meet a market test. If 
the innovation is not adopted because it is too expensive, as for example 
in the case of a pesticide, the research has not attained its full objectives, 
even though in terms of a pa:rticalar research project it may have attained 
its goal. In this sense, to measure the output of the research process in 
terms of innovations generated can be misleading, or at best not tell all 
of the story. 
41. For this reason, most attempts at evaluating the output of a 
research process have concentrated on measuring that output in terms of its 
impact on the production process. As will be noted below, this involves 
making some independent estimate of the extent to which the research has 
shifted the production function or the supply function for the particular 
crop or livestock category. The analysis is formulated in terms of a 
particular innovation, but the empirical work is in terms of resources 
saved, shifts in the production function, or shifts in the supply function. 
The economic calculus can then be applied to estimate the flow of benefits. 
42. A particular example of this approach is the evaluation of the 
social rate of return to agricultural research by means of the Hayami- 
Ruttan metaproduction function. l/ This production function includes 
social or public inputs in addition to those used directly on the farm. 
As a measure of the research input, the number of scientists working at 
agricultural research, or at research and extension, is introduced as a 
separate variable in the function. 2/ By statistical means, then, the 
contribution to agricultural output-of this particular set of inputs-can be 
isolated, and an estimate of either the productivity of the research inputs 
or the social rate of return to investments in research can be made. 
Similar to the case immedfately above, the output of the research effort 
is measured in terms of its effect on a -- icultural output. 
43. Despite the comp:Lexity ich has emerged from the above discus- 
sion, only the simple case has been treated - the case in which the 
principal contribution of zhe research is expected to be an increase in 
agricultural output. tire complex outputs of agricultural research inc.lude 
qualitative changes in the product, such as a tomato that transports better, 
or an improvement in the nutritional value of a product, 
r/ For an example see Thompson (98). 
21 Alternative variables such es total expenditures on research can also@be 
used. 
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44, Similarly, very little progress has been made to date in evaluat- 
ing the returns to economic research. Here the gamut is quite wide: farm 
-z~.:agernent research which leads to a more rapid adoption of technical 
innovations, marketing research which improves price incentives to farmers, 
research which leads to improved understanding of economic behavior, and 
policy research that leads to an increase in agricultural output from a given 
bundle of inputs due to the removal of policy distortions. Research to devise 
a suitable methodology for dealing with this class of problems has not made 
much progress, largely because of the difficulties encountered in defining 
the output of the research process. 
45. Finally, there is the problem of maintenance research. Certain 
agricultural innovations are subject to a relatively high rate of obsolescence. 
A new wheat variety becomes susceptible to a new strain of rust. Insects de- 
velop resistance to insecticides. And antibiotics lose their effectiveness in 
combatting a particular disease. 
46. The consequence of this obsolescence is that a certain amount of 
ongoing research is required to just "stay even," in contrast to advancing 
the frontiers of knowledge or even the efficiency frontier. The output of 
such maintenance research is just as important as research which pushes the 
knowledge frontier further out. _L/ Identifying it and taking it into account 
may be somewhat more difficult, however. 
b. Definition of inputs 
47. For certain categories of inputs the definitional and measurement 
problems on the input side are more straight-forward. For example, the 
research process typically involves the use of certain labor inputs, including 
skilled professionals, physical inputs such as land, buildings, and capital 
inputs, and agricultural inputs such as research animals and fertilizer. With 
appropriate accounting procedures these inputs can be measured with a fair 
degree of accuracy, although difficulties arise when it is necessary to 
attribute fractions of the services of skilled labor and capital equipment to 
particular research endeavors. 
48. The difficulties arise in knowing how to conceptualize and measure 
the inputs of certain skilled manpower, and in knowing how to treat the 
existing stock of knowledge. In treating skilled manpower, two problems 
arise. If labor markets were efficient and without distortion, the salary 
paid the scientist would be a suitable measure of the value of his services. 
However, labor markets for skilled manpower are neither efficient nor free of 
distortions. Hence, in some cases a more suitable approach would be to 
attempt to shadow price the labor input. 2/ 
3 Ayer and Schuh (10) argue that the high payoff to the cotton research 
program in Brazil was due in part to the speed with which it developed 
varieties that were resistant to a devastating infestation of wilt. 
21 Shadow prices are measured either implicitly, or in terms of the oppor- 
tunity cost of the input. They are used when observed market prices 
do not reflect the true scarcity value of the resource to the economy. 
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49. The second problem is to know how to measure the chance idea that 
comes from an encounter with another researcher. To the extent that this 
is a free good, there is no problem. It enters as a free good. To the 
extent a consulting service is involved, the question becomes more compli- 
cated if the labor market is not efficient. These problems in pricing the 
services of scientific manpower are for the most part at least tractable. 
The more difficult proble,m is to know how to price and measure previous 
research. The very successful cotton research program in Brazil had its 
start with lines brought from the JJ.S. a/ To what extent should the cost 
of producing those lines be considered in evaluating the benefit-cost ratio 
in Brazil? The procedure falllowed by Ayer and Schuh was to treat the lines 
as a free good. 
50. Similarly, therls was considerably research in the U.S. and .Japan 
that was drawn on in producing the Mexican wheats. How far back should the 
analyst go in imputing the costs of these programs to the Mexican wheat 
program? If the outputs of these previous research endeavors are treated 
as a free good, the social rate of return to the Mexican wheat program would 
be exceedingly high. If all the costs leading up to that particular innova- 
tion were included, the return would be substantially less. 
51. When the research endeavor is well-defined and institutionally 
specific, as in the case of the Mexican wheats, operationally the answer 
seems relatively straight--forward. But if the Mexican wheats had by chance 
been produced as a logical consequence of either the U.S. or Japanese 
endeavors, the answer woulld not have been so clear. This brings out the 
difficulty in knowing how to treat the important input of past knowledge. 2/ 
52. A similar although somewhat different problem arises when one 
considers a research organiz,ation like the land grant colleges. TYPO- 
tally, a considerable amount of basic research will be going on in one 
part of the university, while the school of agriculture will be con- 
centrating more heavily on the applied side. The synergism among 
researchers can produce a substantial amount of knowledge that is "free" 
to the applied research program. The question is how to take account 
of this when assessing benefit-cost ratios for the research program. 
If only the inputs involved in the applied program are considered, the 
results will be of one dimension. If all research at the university 
is included, the answer will be quite another. To date there are no 
easy answers to this important imputation problem. 
53. Evenson, Flores, and Hayami (33) have handled this "transfer" 
problem by regressing the change in yield on a series of knowledge stock 
variables that represent research activities in related disciplinary 
Y See Ayer and Schuh (lo). 
1/ It should also be noted in this context that the output of the 
Brazilian and Mexican programs cited are logically outputs of 
their predecessor pro,grams. The conceptual and measurement problem 
in some sense, then, is a problem of identifying and measuring the 
value added from the respective programs. 
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and commodity programs and research activities in other geographic areas that 
might be transferable. Hence, statistical procedures are used to isolate the 
separate effects of the various programs, and the costs and benefits can be 
computed accordingly. 
54. A final problem with inputs arises outside the research process 
per se. The adoption of a new innovation can induce shifts in resources 
among sectors. If one is using secondary data to estimate the benefits of 
the research program, some attempt has to be made to take account of these 
resource shifts. A difficulty arises because labor is often an important 
component of the resource shift, and labor markets often are imperfect, Conse 
quently, the observed wage rate (or rates) may not be an accurate measure 
of the true opportunity or social costs of the labor. Some method of shadow 
pricing then has to be used. 
C. Tangible Output of the Research Process Versus Effective Adoption 
at the Farm Level. 
55. This problem was discussed briefly above. But a somewhat more 
systematic treatment might be helpful. One way to assess the cost- 
effectiveness of a research program is in.terms of the objectives of 
the research effort. These could be specified in quite precise and 
easily understood terms: (1) to produce a variety or varieties of 
a crop that has double the yield potential of existing varieties, (2) to 
find a means of controlling a particular insect, or (3) to find a means 
of controlling a particular disease. A management-by-objectives approach 
to the assessment and monitoring problem would then assess whatever cost 
it took to attain the specific objective. 
56. But the mere attainment of the objective - which typically 
can be expressed in terms of an innovation at the farm level - does not 
guarantee that attaining that objective is relevant to the farmer. For 
example, the crop variety with double the yield potential may not fit 
into existing cropping patterns, or as with the early IRRI rice varieties, 
the new plant may not have suitable consumer qualities. In the case of the 
high lysine gene in corn, the research objective of introducing the gene 
was attained. But high lysine corn is still not a commercially viable 
enterprise because yield objectives have not yet been attained and there 
are problems of product identification or differentiation in the market. 
57. Similarly, the system for controlling an insect may be too costly 
in terms of chemical and labor inputs, or it may have undesirable environ- 
mental consequences. The same applies to new means for controlling a disease. 
58. One solution to this problem, of course, is to place the appro- 
priate specificity on the research objectives. Hence, the goal would be 
to attain economically viable varieties and systems of insect and disease 
control. Similarly, the appropriate environmental constraints can be placed 
on the research objectives. Although feasible, the general use of such 
specificity would for the most part be a departure from present practice. 
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59. In the final analysis, innovations have to meet the market t,est 
when an attempt is made to evaluate the cost effectiveness of a resear'ch 
activity. Equally as important, they have to be consistent with whatever 
institutional restrictions the body politic has put on innovative activities. 
These considerations suggesf.that the cost-benefit or cost effectiveness 
analysis has to be made in economic terms and with institutional constraints, 
in contrast to the more common operational objectives of a research project. 
d. Ex ante Versus Ex post Considerations -- 
60. Benefit-cost analyses of agricultural research can be made either 
in an ex post sense or in an ex ante sense. To date, most of them have been 
made from an ex post perspective, since their primary objective has been to 
assess the role of agricultural research in economic development, and to 
determine whether investments in such activities have been economically 
viable. We are aware of f'our ex ante analyses of agricultural research, r/ 
although as will be noted below there is a stronger tradition of ex ante -- 
analyses for the industrial sector. 
61. Which of these is desired depends on the purpose of the assessment 
or monitoring. If the goal is to determine how efficient particular research 
institutions are, or how efficient particular lines of research activity 
have been, then an ex post approach is required. If the goal is to use 
benefit-cost analysis as a guide to how research resources should be allo- 
cated to maximize their payoff, an ex ante perspective is required. 
62. Although not used on an extensive scale for this purpose, we 
believe substantial emphasis should be given to ex ante analyses. After all, 
an important question is to know how many resources could be allocated to 
attain a given research ob*jective. Moreover, one would like to know before -- 
the fact where the expected payoffs are likely to be the greatest. This, 
of course, is not to deny the value of ex post analyses, for they can provide 
important insights into the research process, and provide a basis for compar- 
ing alternative organizational and methodological approaches. 
63. Somewhat different methodologies are required to make an ex ante 
analysis than is required iiole an ex post analysis. Moreover, the precise- 
ness and robustness with which inferences can be drawn are quite different 
in the two cases. We will return to these problems below. 
e. The Role of Economic I'ola - 
64. The role of economi'c policy has not been given a great deal cf 
attention in past benefit-cost analyses of agricultural research. Ayer and 
Schuh (10) and Schuh (83) hav'e noted the role of economic policy in determin- 
ing the distribution of benefits from research between consumers and pro- 
ducers in the society. But o,uly Hertford (49) and his colleagues have to 
i/ Castro and Schuh (75), Easter and Norton (29), Klein (53), and 
Pinstrup-Andersen and Franklin (71). 
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our knowledge systematically addressed the question of whether economic 
policy affected the rate of return or the benefit-cost ratio of research. 
65. Clearly, economic policy can affect the measured benefit-cost 
ratio of research, and in a number of important ways. First, to the extent 
that economic policy distorts price relatives it may cause a failure to adopt 
innovations that would otherwise be adopted. An important example occurred 
in Brazil when trade and other policies lowered the domestic price of agricul- 
tural products relative to the price of fertilizer. Since under the circum- 
stances the use of fertilizer was not profitable for many crops, a consider- 
able amount of soil and fertilizer research went for nought. 
66. The consequences did not stop there, however. Since the use of 
fertilizer on corn was not profitable under the prevailing price relatives, 
farmers also failed to adopt hybrid corn. Hence, the return to what was a 
relatively effective research program on hybrid corn was quite low. 
67. Clearly, economic policy caused Brazil to undervalue its research 
activities. What might have been a relatively viable research effort was 
perceived as a low payoff activity. Hence, Brazil invested less in agri- 
cultural research than it might have under a different policy regime, and 
sacrificed this important source of growth. 
68. The role of economic policy in influencing the observed pro- 
ductivity or return from agricultural research can perhaps be seen more 
directly in a somewhat different context. If the goal of a research program 
is to increase the output of a particular crop or crops, the benefit-cost 
analysis or evaluation of cost effectiveness may require placing a value on 
the increase in output. If economic policy has distorted relative price 
ratios, the contribution of the research program can be either under- or 
over-estimated, depending on the direction of the distortion. L/ To eva- 
luate the benefit-cost ratios in this case some estimate of shadow prices 
is required. 
69. Economic policy has still other effects on the perceived or 
actual benefit ratios of agricultural research. For example, policy measures 
which restrict exports of agricultural exports can reduce the earnings poten- 
tial of the research in terms of exchange earnings, thereby causing the actual 
benefits from the research program to be substantially reduced. The reduc- 
tion in foreign markets can reduce the income and employment generating 
potential of particular innovations. And trade policy can influence whether 
it is low-income consumer groups that receive the benefits of research or 
upper-income producer groups, Each of these are factors that should be taken 
into consideration in assessing the productivity and cost-effectiveness of. 
research. Clearly, the particular economic policy regime has a major impact 
on the potential, perceived, and actual returns from agricultural research. 
11 India has substantially over-valued wheat in the domestic economy, 
compared to international opportunity costs, while substantially under- 
valuing rice. This has undoubtedly affected the perceived rates of 
return to its respective research programs, and probably has affected 
the relative rates at which new innovations have been adopted. See 
Sukhatme (95). 
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f. Negative Results 
76. The effectiveness of agriculkural research is typically evaluated 
in terms of its successful contribution to specified research goals and 
objectives. An important conundrum is how to handle the problem of negative 
results. Several years of concentrated effort may have failed to increase 
the yield of a particular crop. But the research effort itself may have 
clearly shown that a number of possible approaches to raising yields is not 
viable. The problem is tc' know how to handle such negative results. 
71. Clearly, there has been an increase in knowledge, for researchers 
now know at least part of what will not work. This is of value to present 
and future researchers. Rut in terms of attaining the operational goal of 
the research, it has not made a contribution. Ultimately, of course, this 
problem comes down to the concept of output used to measure the effective- 
ness of the research program,. In terms of additions to the stock of know- 
ledge, khe research effort may have been quite productive. In terms of an 
on-the-farm gain in agricultural output, little may have been accomplished. 
g* Joint Outputs - 
72. The final conundrum has to do with the fact that a research pro- 
gram inevitably involves joint outputs. For example, researchers acquire 
new skills and knowledge by khe very process of engaging in research. 
This increase in human capital has considerable value to society and should 
be taken into account in assessing the productivity of the research effort. 
73. Similarly, research programs typically have a training or educa- 
tional program associated with them. The complementarity between teaching 
and research is well recognized, and the teaching is assumed to be better if 
it is associated with a vital research program. Some part of the educa- 
tional output should therefore be attributed to the research program. 
74. Similarly, there are important institutional spillovers from an 
effective research program. The contribution of the International Centers in 
strengthening national research programs and systems is an important example. 
The knowledge, skills, and experience imbedded in the researchers at the 
Centers presumably have value to the national programs. Similarly, a re- 
searcher may take on special value as a consultant to government or other 
researchers as a result of his participation in an effective research pro- 
gram. These contributions can be an important output of a research program, 
and should be taken into account in assessing its productivity. To dake, 
however, such considerations have nob: been included when evaluating the 
effectiveness of research programs. 
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11, SCOPE OF AC~IC~T~ RESEARCH 
75. Priorities for international support to agricultural research 
have been reasonably well defined by the TAC (961, The emphasis at the 
present time is primarily on increasing the output of food, and within that 
larger mission to improve the production technology for a specific list of 
crops and animal categories. Other considerations are deemed relevant, 
however, such as increasing farm income and employment, saving or earning 
foreign exchange , and changing the nutrient content of conventional food 
crops. 
76. It is not the intent of this section to take issue with these 
priorities or objectives. However, a rather broad specification of the scope 
or range of activities through which agricultural research can operate will 
help set the framework for later discussion. This broader specification is 
relevant even if the benefit-cost ratios or cost effectiveness of research 
are evaluated on a narrower base, since some of these other dimensions may 
be attained incidentally to the primary mission. To the extent they are, 
they should be considered in the evaluation of the research program. 
77. The broader perspective is also important in a somewhak different 
context. Ultimately, allocative decisions with research or any other re- 
sources involve a choice among alternatives. In that: sense it is important 
to remind ourselves that research resources might be allocated to activities 
other than those presently agreed upon as a means of attaining the specified 
goals, and that these other alternatives provide an important basis of com- 
parison. 
78. The following paragraphs provide a brief discussion of the range 
of activities to which research resources might be allocated. The specifica- 
tion is not exhaustive, although ik does attempt to be reasonably comprehen- 
sive. 
A. Increasing Agricultural Output 
79. This is probably the most widely accepted operational goal for agri- 
cultural research. It is perhaps best typified by the motto that appeared in 
the legislation establishing the U.S. agricultural research system: "To make 
two blades of grass grow where one grew before". 
80. But agricultural research can be used to increase agricultural out- 
put in a number of different dimensions. i/ The TAC in the previously cited 
reference stressed the importance of increased output of food crops and 
commodities. But research can just as well be directed towards increasing 
r/ In addition to the various dimensions in which agricultural output can 
be expanded, there are various means by which it can be expanded. For 
example, one approach is by raising yield potential. Another is to 
shorten the length of the growing season so that multiple cropping can 
be used. Other means are discussed below. 
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khe-output of export commodities or the output or products used as raw mate- 
ria1s for the industrial sectore For an individual country, the availability 
.~ r' " .' ??ood for the domestic consumer might be increased by increasing the exports 
of cotton or some other export product. In fact, this may well be the most 
efficient use of the world's agricultural resources, even though it may not 
necessarily increase the supply of food for all the world's population. 1,' 
81. Directing khe research process towards increasing the output of 
products that serve as industrial raw materials may have comparable effects. 
For example, an increase in the output of cotton, or better - an improvement 
in the comparative advantage of the country in the production of cotton - may 
enable it to increase the production of textiles. The increased output of 
textiles would be a means of earning scarce foreign exchange while at the same 
time creating additional employment for the domestic economy. 
82. To conclude9 agricultural research resources may be directed pri- 
marily to obtaining an increase in agricultural output. Even under this 
rubric, however, it may be used to increase the output of food products, of 
export products, or of products that serve as raw materials for the industrial 
sector. An increase in the output of a given crop may, of course, serve all 
three purposes. If it does the research process should receive credit on 
all three counts. 
83. Individual countries may have preferences with respect to how they 
attain their particular goals. Moreover, research investments in non-food 
commodities may have a hig:her social rake of return than research investments 
in food commodities. 
B. Quality Changes in Products 
84. In contrast to k'he above, the research resources may be directed 
to obtaining changes in the quality of a product. The most obvious example, 
of course, is when a breeding program is designed to improve the transport- 
ability of a product such <as tomatoes. In effect, the output of the product 
available to consumers is increased by this means, but the immediate objective 
is rather different. 
85. Similarly, the r'esearch effort may be directed to an improvement in 
khe transportability of a 'commodity through time by increasing its storability. 
Again, the consequence may be to increase the total supply of the commodity 
available to consumers by reducing wastage and spoilage. But the immediate 
research objective is rather different. 
Ll Research on non-food ,crops may, of course, release resources for an in- 
crease in food output. If resource productivity for non-food crops 
were raised, it might require less land and labor to produce these 
crops, and these resources would then be released for production of 
food crops. 
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86. Final. ly p the research effort may be directed to increasing the 
supply of nutrients, ~~~~~~~~~~,~ly of whettier the ;oksl supp2;~ i7f food in some 
physical sense is increased or not. Tiie development of high lysine corn 
brought this possibility to the fore. But: khe pokenkial is much broader than 
this, although generally neglected in the discussion of research priorities. 
In general it is assumed that an increase in food output will reduce malnukri- 
kion in khe population at large p although khe evidence to su pork that view is 
sorely lacking. _1/ 
87. In any case, the thrust of the research pro can be towards 
changing or improving the qualiky of the pro ok necessarily just 
to increasing the physical output of food. 
c. Conservation or Saving of Inputs 
88. The Hayami-Rutkan model of agricultural development brings this 
particular research thrust to the fore9 since in their view the contribution 
of agricultural technology to facilitating the growth in output is to ease 
the constraint to output expansion implied by the resource that is becoming 
relatively more scarce as output expands. 21 Their two immediake examples are 
biological and chemical innovations that ease the constraint implied by scarce 
land, and mechanical innovations that ease the constraint implied by a situa- 
tion of relatively scarce labor. 
89. The problem is more general khan this, however. The energy crisis 
of recent years has focused attention of the possibility of a shortage of 
nitrogen fertilizers. Agricultural research can deal with this possible 
shortage in a number of different ways. It may attempt: to develop varieties 
of crops that are more responsive to fertilizer application. It may attempt 
to develop techniques whereby a larger percentage of the nutrients in the 
soil are made available to the plant. Or it may attempt to broaden the range 
of species that fix nitrogen from the air, as with the current research on 
graminae. 
90. In a similar way, the research program may attempt to economize 
on the use of waker. The techniques of water control and management may be 
improved. Planks may be developed that are more resistant to drought; or 
that make more effective use of available water. And alternative cropping 
or enterprise patterns may be devised. 
11 For an evaluation of the impact of an increase in food supply on human 
nutrition, see Binskrup-Andersen, Londono, and Hoover (72). These authors 
appeal for more attention to human nutrition in establishing research 
goals, although their own empirical findings suggest that malnutrition is 
primarily a problem of absolute poverty and that a larger food supply 
does little to alleviate the problem among low income groups, 
21 Hayami and Ruktan (47). 
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91. Any research which results in a resource saving can ultimately 
lead to an increase in agricultural output. However, there is a difference 
in the research undertaken depending on whether the immediate objective is 
to increase agricultural output, or whether it is to "save" or make more 
efficient use of a resource. The consequences in terms of adjustment prob- 
lems, product mix, and efficiency growth are also quite different. 
D. Improvements in the Marketing System 
92. The bulk of the emphasis in most agricultural research programs is 
generally placed on the pKIDduction sides However, agricultural output is not 
food until it has passed through a system of processing and transportation to 
arrive on the consumer's p.Late. Substantial resources are used in trans- 
forming raw agricultural output to food for consumption in households. 
Moreover, some of these resources can be fbeed up for the production of 
food if improved efficiency is obtained in the food distribution system. 
Similarly, a reduction of waste and spoilage in the distribution system 
makes a larger supply of food available to consumers from a given supply 
of agricultural output. 
93. The range of research activities here is quite great. Improved 
technologies for processing agricultural products may be developed, techniques 
which reduce spoilage may ble developed, techniques that utilize by-products 
may be devised, the transportation process may be made more efficient, and 
so forth. The important point is that a productive research thrust in this 
dimension may do as much to increase the supply of food available to con- 
sumers as a direct increase in agricultural output. Estimates of the losses 
in harvesting and through the distribution system suggest that savings in this 
sector may be rather large. 
E. Improvements in Supply Industries 
94. It is not sufficiently well recognized that much of the tech- 
nological change that is pertinent for agriculture does not take place 
directly in agriculture, but rather in the industries that supply inputs to 
agriculture. Perhaps the most notable example is in the fertilizer industry, 
where successive waves of technological innovation, together with a more 
competitive market structure, have led to dramatic declines in the relative 
price of fertilizers. This decline in relative price has led to a widespread 
adoption of fertilizer and contributed to a substantial increase in agricul- 
tural output. 
95. Similar examples abound in the industries that supply mechanical 
power and equipment and machinery to the agricultural sector. Technical 
change in these industries resulted in more efficient machinery and equipment, 
the improved "packaging" of power units into more flexible, mobile units, 
and the development of completely new machines and equipment. 
96. In the fertilizer industries, new forms of fertilizer have been 
developed. In the pesticide industries, new forms of pesticides have been 
developed. And the list cou.Ld again be easily extended. 
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97. Not to be forgotten is the substantial improvement in the quality 
of the human agent in most countries of the world as improved health care 
has been generalized through the society, education has become more generally 
available, and training programs and other sources of information have become 
available. The important issue here, of course, is that there are important 
complementarities between the skill levels sf the human agent and the new 
knowledge generated by the agricultural research enterprise. L/ Individuals 
have to process the new technical knowledge and adapt it to their own parti- 
cular situation. Their ability to do this improves as their level of educa- 
tion (broadly construed9 improves. Moreover, important interactions between 
agricultural entrepreneurs and agricultural research stations can generate new 
knowledge in its own right. 
98. The important point is that research and technical change in the supply 
industries for agriculture can be as important as research and technical change 
directly in agriculture in increasing the supply of food for the world. 
F. Institutions and Economic Policy 
99. Social, political, and economic institutions are the means whereby 
individuals in a society relate to each other. Such institutions can dull the 
incentives for innovative activities , or they can sharpen them. Similarly, 
they can make for a society that is at peace with itself, or they can cause 
tensions, disruptions, and diversions of energies to fruitless endeavors. 
Research that leads to improved institutions can lead to increases in agri- 
cultural output and to higher levels of innovative activities. 
100, For its part, economic policy is pervasive in society. It, too, 
influences how individuals relate to each other, determines how rewards are 
distributed among members of society, and in turn the incentives to produce 
and innovate. In the final analysis, economic policy is an important deter- 
minant of the level of saving in a society and in turn the level of invest- 
ment - the key to the rate of output growth. 
101. As noted earlier, economic policy can largely determine whether 
new production innovations are adopted at the farm level, or whether they 
are left at the experiment station door. In effect, it can provide the 
means whereby the biological and physical research program will be quite 
productive for the society, or it can cancel it out almost in its entirety. 
102. Research that leads to improved fnstitutions and economic policies 
can contribute as much to increasing agricultural output under some circum- 
stances as can the more conventional biological and physical research, 
Perhaps the more important point, however, is the very real complementarity 
between biological and physical research, on the one hand, and socio- 
economic research, on the other. Without both kinds of research, neither will 
contribute very much. 
L/ See Welch, Finis (1049. 
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G. The Distribution of Income 
103. Agricultural research, even of the biological and physical kind, 
can influence the distribution of income within a society. In perhaps its 
simplest form, it does this; when it lowers the real price of food in a 
society. Low-income groups benefit relatively more than high income groups 
from such developments, and consequently the personal distribution of income 
is improved. 
104. By influencing the ease with which one input can be substituted for 
another, research can cause a shift in the distribution of income among 
productive inputs as factor supplies change. By changing the relative pro- 
ductivity of particular input categories, it can also influence the relative 
share of income that goes t'o land, labor, and capital. 
105. Biological and physical research are probably not efficient means 
of influencing the distribution of income. But it is almost inevitable that 
agricultural research will have income distribution consequences. Even if 
the main thrust of the research is not to change the distribution of income, 
the distributive consequences of agricultural research have to be taken into 
account in evaluating it. (See below.) 
III. THE ROLE AND IMPORTANCE OF GOALS 
106. Any attempt at assessing or monitoring the cost effectiveness of 
agricultural research has to address the question of goals. One cannot say 
how effective a research program is without at the same time making an attempt 
to state what the goals of the effort were. If the question is turned around 
and the benefit-cost analysl.s used to establish priorities for the research 
effort, the same comment applies. One cannot establish priorities without 
saying what goals the research is supposed to attain. 
107. In the previous section a discussion was presented of the various 
directions that agricultural research could take. In the present section the 
focus is on the goals of agricultural research. 
108. These goals can be set at various levels of abstraction or opera- 
tionality. As will be noted below, Iowa State University takes growth, 
equity, and security as the ,goals of their research program, with the goals 
specified for both the state and nation. At the other extreme, the goals can 
be specified in terms of suclh things as increasing food supply, increasing 
food supply in efficient manner , producing a more fertilizer-responsive 
society, developing an insecticide to kill insect X, etc. 
109. General goals for agricultural research that are somewhat between 
the two extremes depicted above, and on which there would probably be general 
agreement, are as follows: 
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a. 
b. 
d. 
e, 
f. 
110. 
that the 
another. 
To increase consumer welfare by increasing food supplies; 
To increase income and employment of workers in the agri- 
cultural sector; 
To increase the total net income of the agricultural 
sector; 
To maximize the contribution of agriculture to the 
growth of the economy as a whole; 
To preserve the environment and ecology; and 
To promote rural development fn the sense of providing a 
wider range of opportunities for rural people. 
Perhaps the rn0s.t irn~or~a~~ thing to note about these goals is 
attainment of one goal may be ia conflict with the attainment of 
For example, the maximization of employment may imply a reduction in 
efficiency in production, and hence an increase in the cost of food to consumers- 
Conversely, rapid changes in production efficiency which might imply a decline 
in prices for consumers, could at the same time imply a reduction in employment. 
111. The list of potential conflicts could easily be extended. But the 
point we want to emphasize is that because of these conflicts, actual or 
potential, there are important trade-offs among the goals. More of one can 
be attained only at the expense of another, Moreover, something has to be 
known about these trade-offs before much progress can be made in establishing 
priorities. 
112. Another important point to note is that seldom is only one goal 
relevant, despite the common tendency to describe research programs as if they 
were single-goaled. 9~ report on priorities recognized this when it 
discussed explicitly the criteria used to establish priorities. The relevance 
of the multiple-goaled objectjlve function points up the importance of knowing 
something about the trade-offs among goals and objectives. It also points up 
the importance of finding some means of establishing weights for the various 
goals. 
113. Finally, the ~~d~v~d~l 11 va in their importance accord- 
ing to the policies pur d by the government and the stage of development of 
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the country. l-/ If policy-makers are pursuing import-substituting industrial- 
ization policies, for example, it makes little sense to channel research 
resources to export crops. Conversely, if export promotion is a goal of 
economic policy, research to improve the comparative advantage of a given 
crop can reinforce the economic policy and contribute to the attainment of 
larger development goals, 
114. Similarly, if government policy makes it unprofitable to use fer- 
tilizer, it makes little sense to invest heavily in fertilizer research. But 
if the country is well endowed with fertilizer resources and the government 
is attempting to exploit them, fertilizer research may have a high social 
payoff. 
115. Other examples of the relation between goals for the research 
program and government policy could be cited. However, we turn now to 
a discussion of the relation of goals to the stage of development of the 
country. Perhaps the most important point to note here is that the product 
mix consumed by society changes as per capita incomes rise. At low-levels 
of development the bulk o:E food consumption consists of cereals, starchy root 
crops, and pulses.' As per capita incomes rise, the product mix shifts toward 
animal sources of protein,, fruits and vegetables, and more processed foods. 
These shifts in the composition of demand as the stage of development changes 
must be considered in formulating goals for the research program. 
116. At early stages of development countries are likely to foster 
import-substituting polici.es. The autarchy that results has important policy 
implications for agricultural research. With autarchic development policies 
there is little potential for exports. Hence, agriculture's contribution to 
development will come through rather different means. 
117. Viewed from a somewhat different perspective, at early stages of 
development obtaining declines in the price of wage goods such as food can be 
an important means of fostering industrialization and economic development. 
At higher levels of development, food makes up a smaller proportion of the 
consumer's budget, and obtaining reductions in the price of food is relatively 
less important. At this later stage agriculture may make its most impolrtant 
contribution to development by releasing labor to the non-farm sector. 
118. Finally, at early stages of development, man/land ratios tend to be 
relatively high, and an important goal of the research program should be to 
ease the constraint implied by an inelastic supply of land. At later stages 
of development, labor will be draining out of agriculture at a rapid rate, and 
the constraint to output expansion may be a relatively inelastic supply of 
labor. In this case the goal of the research program should be to raise labor 
productivity. 
- 
4.i For a more comprehensive discussion of this set of issues, see Schuh (83). 
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119. Pn conclusion, goals for the agricultural research program are a 
function of the mix of economic :policies used by the government and the 
stage of development of the economy. The explicit specification of these 
goals and knowledge of the trade-offs among them are important bases for 
assessing and monitoring the productivity and cost effectiveness of the 
research program, 
120. This discussion should make it clear that the problem of setting 
goals for an international research system is rather.more complex than for 
an individual country. What are rather obvious goals for an individual 
country may not be appropriate for an international institution. Moreover, 
an international institution may need to differentiate its goals from those of 
national research organizations, and there may be a need for differentiation 
of goals among international centers based on the particular parta of the 
world they attempt to serve. 
XV. THE SIDE EFFECTS OF TECHNICAL CHANGE 
121. The output of agricultural research is new technology that is 
adopted by individuals or firms. The adoption of this new technology may have 
important side effects in the economy and society. Some of these may be of a 
- f; 
ositive nature, while others may be of a negative nature. In this section we 
iSCUSS the nature of these sPde effects, since they need to be t&en 
account of explicitly in assessing the benefits and costs of agricultural-. - 
research. 
A. Income Distribution Consequences 
122. Technical innovations by definition have resource-saving and re- 
source-augmenting effects. Hence, they can logically be expected to influence 
the distribution of income. These effects have been the source of much 
criticism of technology-based development programs. 
123. Unfortunately, many of the criticisms have been based on rather 
superficial and naive interpretations of the data, or on no data at all. 
For example, it is seldom recognized that the production and distribution 
of new production technology, by virtue of being a form of human capital, will 
in the aggregate tend to raise the share of output going to labor, even though 
particular groups in society may be harmed. Similarly, to the extent that food 
prices decline as a result of technical change, income is redistributed in 
favor of the poor in a relative sense since low income groups spend a larger 
fraction of their budget on food. 11 
I/ In general, there has been a failure to recognize the benefits to con- 
sumers of technical change in agriculture. Attention focuses on regres- _ 
sive income distribution consequences within agriculture, to the neglect 
of the progressive effects for consumers. In the final analysis, only 
empirical research can determine whether the benefits to one group are 
sufficiently large to offset the losses to another. 
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124. At the same time, however, particular groups in society may suffer 
deleterious income distribution consequences as a result of technical change, 
:zsTecialPy if the appropriate complementary research and economic policies are 
not implemented. Some forms of mechanization, for example, can displace 
unskilled workers, while at the same time generating pressu'es for farm 
enlargement which have income distribution consequences, Other forms Iof 
technical change can create serious regional income distribution problems, as 
they give a comparative advantage to one region in favor of another. 
125. Three points are important about this aspect of technical change. 
The first is that these side effects should be taken into account in assessing 
the costs and benefits of agricultural research. The second is that it is not 
clear a priori whether these side effects will be a benefit or a cost. It 
will depend on the nature of the technology, plus the conditions of demand. L/ 
And third, it is important to identify what groups benefit from technical 
change and what groups 10912, and then relate this to the goals of the research 
endeavor. 
B. Employment Effects 
126. New production technology may have important effects on employment. 
Although employment effects may be related to changes in income distribution, 
the employment issue is sufficiently important in its own right to merit 
separate discussion. 
127. Biological and chemical innovations in agriculture tend to raise the 
physical productivity of labor. As long as one ignores the product market 
effects, this increase in prolductivity should increase the demand for labor. 
This, together with the inc:reased labor requirements associated with such 
innovations, has caused many to expect improvements in agricultural technology 
to solve the employment problems that plague so many low income countries. 2/ 
128. Whether it will or not depends importantly on the conditions of 
demand for the product. If, as is generally the case, a small increase in 
output leads to a relatively larger decline in the price of the product, this 
product market effect can outweigh the direct (and positive) productivity 
effect. Hence, on net, the effect of the technology will be to displace 
labor. 2/ Such a problem will be especially severe with staple food products, 
since the demand for these products will be relatively insensitive to price. 
129. Such employment effects should also be taken into account in assess- 
ing the costs and benefits of agricultural research. How to account for these 
effects is not straightforward, however. If the labor so released becomes 
.L/ For a review of the theory pertinent to answering this question, see 
Evenson (32), For a more general discussion of the issues and implica- 
tions of these distribution consequences in the context of rural develop- 
ment policy, see Agriculture and Rural Development Department (2). 
21 For example, see Johnston and Cownie (50). 
ii/ Wallace and Hoover (103) found that this was the case in the US. - 
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unemployed, then it is a cost to the research program. However, the emergence 
of unemployment suggests that labor markets are either distorted or imperfect. 
Hence, there is an imputation problem with respect to what portion of the 
costs should be charged to the research program and what portion should be 
charged to the distortions and imperfections, The answer to this question 
requires considerable analysis of the individual instance. 
C. Environmental Consequences 
130. The third class of side effects associated with technological 
change includes the effects on the environment. Some of these effects will be 
positive, such as those that reduce erosion, and should be charged to the 
benefit side. Others, such as the pollution of streams and lakes with ferti- 
lizer and pesticide runoff, may be negative. These, of course, must be 
charged as a cost to the research program. 
131. To conclude this section, it should be noted that the various side 
effects can be quite sizeable, and they may be either a benefit or a cost to 
the research program. Roth of these should be taken into account in monitoring 
and assessing agricultural research programs, although the most controversy 
tends to surround the negative side effects. 
132. It should be noted, moreover, that the existence of the negative 
side effects is not necessarily cause for not producing and using the new 
technology, as is often implied. The net benefits may be sufficiently large 
to provide compensation to those who are harmed and still leave a net surplus. 
This, in turn, becomes a question of economic policy. With appropriate 
policy these effects can be minimized or eliminated altogether. 
v. METHODS AND PROCEDURES FOR EVALUATING AGRICULTURAL RESEARCH 
133. This section contains a review of various methods and procedures 
that might be used to evaluate the effectiveness of agricultural research 
programs. The material is organized under two headings: (1) procedures used 
to make an ex post evaluation of the effectiveness of agricultural research, 
and to evaluate the contribution that agricultural research has made to the 
economy as a whole, and (2) procedures that have been used to make an ex ante 
evaluation of research proposals and programs, largely with the goal of 
developing a more effective means of establishing priorities but also for 
purposes of justifying budget requests. The examples cited range from broad 
sectoral studies to narrow evaluations of particular research projects. 
134. The purpose of the discussion is not to make a critique of past 
procedures, or to enter into a discussion of the intellectual niceties of 
particular procedures. Rather, the objective is to provide the reader with a 
general notion of the procedures that have been used in past studies, the data 
required to implement them, and some of the issues involved. 
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A. Ex Post Studies 
135. Studies that have attempted to make ex post evaluations of agricul- 
tural research have for the most part focused on output-increasing techno- 
logies, and have neglected other contributions of agricultural research. The 
procedures used can be grouped into five different classes: (1) those wkich 
attempt to estimate the resources saved by the adoption of new technology; (2) 
those which use the concepts of producer and consumer surplus; (3) those which 
introduce investments in research into an aggregate production function; (4) 
those which estimate the impact of the technology on national income; and (5) 
those which have attempted to identify the effect of increased output on 
nutritional status of the population, We discuss each of these in turn. 
a. The Inputs-Saved Approach 
136. Professor Schultz ($5) used this approack in what was to tke best of 
our knowledge the first major attempt at quantifying the returns to investment 
in agricultural research. His interest was in US agriculture as a who:Le, and 
hence he made no attempt to consider individual research programs or particular 
technological innovations. 
137. If this approach is used to measure resource savings over an extended 
period of time, an index number problem arises in measuring the value of 
inputs saved since relative factor prices change over time, To deal with this 
problem Schultz developed upper and lower limits for tke resources saved by 
in one case using price weights from the early part of the period and in 
another case the price weights from the end of the period. The resource 
savings are then estimated by determining how many resources would kave been 
used to produce the output of a base period using tke techniques of productisn 
of an earlier period. A comparison of this with the resources actually 
used provides an estimate of the resources saved. 
138. From this perspective, the value of the resources saved constitutes 
the benefits from the researck. The costs of producing tkese benefits are 
then estimated by calculating the cost of all research and extension-in. the-_ 
country--both public and private. A benefit-cost ratio can then be calculated, 
or the data can be used to make an estimate of the social rate of return. 
139. This approach cou:Ld be extended to individual commodity programs or 
to more narrowly defined technological innovations. Since aggregate data are 
not likely to be available in sufficient detail for suck an analysis, however, 
it would be necessary to estim,ate resource savings either from experimental 
data or surveys of farms. When combined with data on the extent of use of the 
innovation, an estimate of the total resources saved could be made. Such an 
approach would be especially useful for evaluating innovations that are more 
directly resource-saving than output-increasing. 
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b. The Use of Consumer and Producer Surplus 
140. An alternative approach is to measure the benefits and losses from 
technical change by means of its impact on what ecouomists refer to as con- 
sumer and producer surplus. lJ The technological innovation is assumed to 
shift the supply curve for the product to the right. When this occurs, 
consumers benefit from having more of the product available, and producers 
may benefit from the reduction in costs of production. The concepts of 
consumer and producer surplus can be used to measure these benefits (and 
possible losses). 
141. The advantage of this approach is that it is relatively flexible, 
and in the hands of a skilled analyst can be modified to take account of a 
number of side effects of technological change, as well as some indirect 
effects such as the impact on trade, and the impact of trade and price policy 
on the distribution of benefits from technical change. The methodology 
is feasible, however, only when a set of improved technologies can be assoc- 
iated with a particular research program or programs. If there should be 
significant technological transfer among countries or regions, or from other 
research programs,'it will not be possible to associate shifts in the supply 
function with a specific research program. 
142. The basic analytical framework is illustrated in Figure 1. A shift 
in the aggregate supply curve (from S to S') for the commodity under considera- 
tion is depicted, with this shift assumed to be attributed to improved tech- 
nology. The shift in the supply curve produces a change in the consumers 
surplus by the area PoABPl(tke area ADB plus the area PoADP1). This is 
a flow of benefits that arises because consumers are able to purchase more of 
the product and at a lower price (in the general case). The same shift in 
supply will produce a change in producers surplus by the area BDO minus the 
area PoADPI. The total change in economic surplus (producers plus consumers) 
will be the area of AOB. 
143. The simple framework provides the basis for analyzing various 
aspects of agricultural research. The empirical information required is 
knowledge of how much the technical change shifted the supply curve, and 
knowledge of the parameters that describe the conditions of supply and demand 
for the product. Information on the costs of the research program required 
to induce the shift in the supply curve is also required if a full benefit-cost 
analysis is desired. 
&/ For an easily understood explanation of economic surpluses and their use 
in measuring the returns to agricultural research, see Hertford and Schmftz 
(48). 
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FIGURE 1 
13ASlC MODEL FOR THE ANALYSIS OF 
CONSUMER AND PRODUCER SURPLUS 
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i*s a, One of khe mclst important advantage s of this approach is that it 
provides a means of analyzing how the benefits of the research are divided 
between consumers and producers. The only thing required for such an analysis 
t& knowledge of the demand and supply curves0 As is readily apparent from the 
figure, producers can sustain losses from the technical change. All this 
rctz@.res is that the area PoADPl be greater thsn the area BDO. This distribu- 
tive aspect is more important if policy makers should have as a,particular 
oar an improvement in the welfare of either producers or consumers. 
145. The model may be applied to a closed economy or to an economy open 
to trade. The demand elasticities in an open economy will, of course, tend to 
be quite high, meaning that there will be fairly small changes in price 
associated with changes in the quantity supplied. Hence, if the technical 
change occurs for a product that is being exported, most of the direct benefits 
of the research will go to producers, unless there should be government inter- 
vention. _I/ Consumers will benefit indirectly, however, since the added 
foreign exchange which increased exports earn will lower the price of imports 
and help to finance a higher rate of growth. These indirect effects should be 
taken account of in calculating the benefits and costs of research. 
146. The model can also be modified to take into account price and trade 
policies, and their impact on the distribution of benefits from technical 
change. Schuh (84), for example, has argued that the over-valued dollar in 
the post-World War II period caused a larger share of the benefits of technical 
change in US agriculture to be transferred to the US consumer than would have 
been the case if exchange markets had been free. Akino and Hayami (3) have 
examined the rice breeding program in Japan, which was interesting in light of 
the fact that Japan was a net importer of rice during the period covered 
by their study. These authors give explicit attention to the distribution of 
benefits between consumers and producers, and conclude that in the absence of 
trade Japanese producers would have been net losers from agricultural research. 
147. Evenson, et al. (339, consider the d%strLbution of benefits from 
rice research in the Philippines.‘ In that case, imports have been utilized to 
maintain a stable price for consumers, with sufficient rice imported to 
maintain a target domestic price. Suppose Pl in Figure 1 is the target 
price. With the original domestic supply function, the quantity DB would have 
been imported. The shift of the supply function to S', would eliminate rice imports. 
- The consumerk surplus fir rice would remain unchanged, but prod&&s would gain by , 
the area QDB. This area repre8eW+ a welfare gain to society and is equal to the 
ch e in the resources devoted to domestic rPce ptod,Ftion, OBQl - ODQ&, plus 
th ahe of the imports in the initial sitwtion, Q;DBQl. 
148. The& &amplest show the tential richness of the analytical 
framework. To the extent polfcy ers are interested in the effects of 
eeonomk policies, in the distribution of benefits and costs from policies and 
11 For a more detailed analysis, see Castro and Schuh (75). 
- 
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technical change, and in trade implisations, the model provides a means of 
giving them some important answerss Moreover, these answers are quite Impor- 
tant in establishing research priorities, and in managing the process of 
technical change for the greatest good. 
149. The model can also be modified in a number of important ways to 
accomodate different problem situations. For example, Griliches (421, im his 
first use of the economLc surplus concepts to estimate the benefits of tech- 
nical changes assumed that all the benefits of agricultural research were 
realized in the form of a consumer surplus. Two alternative estimates 
of this surplus can then be made, depending on whether the supply curve is 
assumed to be perfectly lnSelastie or perfectly elastic (Figure 2). 
PRICE 
CWANTITY QUANTITY 
FlGURE 2 
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150. The shaded areas define the alternative measures of the consumer 
surplus and are assumed to represent the benefits of the technical change that 
resulted from the research effort. Griliches argued that these alternative 
measures constituted upper and lower limits of the benefits of the research, 
although Lindner and Jarrett (57) have recently taken issue with that con- 
elusion. Griliches also assumed a closed economy and ignored the potential 
foreign exchange that might be earned from technical progress. 
151. The strength of the Griliches approach is its simplicity. It assumes. 
that the price elasticity of demand is -1, and thereby abstracts from general 
equilibirum or resource adjustment problems. No estimates of either the 
demand or supply parameters are required, since they are all handled by 
assumption, and the trade sector and distribution consequences are also 
ignored. The major empirical problem is to obtain a measure of productivity 
gain that reflects only the output of research. This measure is required, of 
course, to know how much to shift the supply curve. l-/ 
1.52. Peterson (69) has shown how general equilibrium effects can be taken 
into account in estimating the net benefits of research. These effects arise 
by virtue of the changes in resource productivity associated with technical 
change, which in turn cause resources to be either induced into the progressive 
sector, or expelled from it. Peterson's procedure is based on the simple fact 
that if the price elasticity of demand were equal to -1, the total value of 
any price-quantity combination along the curve is the same. The relation 
between the unit elastic demand curve and the actual demand curve provides 
the means for taking account of the general equilibrium effects. 
153. - Consider Figure 3. Assuming that we shift the supply curve back to 
the left to make the evaluation, the decline -in output q"q@ is due to a 
decline in productivity of a fixed bundle of resources if the technology were 
withdrawn. As a consequence of this decline, net social benefits decline by 
q"q'BB*. (These net social benefits are made up of both producer and consumer 
surpluses.) The decline in output represented by qoqW is due to a shift of 
resources out of the sector. These have an opportunity cost (as represented 
by the area under the supply curve) of q q"G'G. But there is also a loss in 
consumer surplus in the amount of q q"B'8. Therefore, the net gain due to 
the liberation of resources is G B"G#. This amount has to be subtracted 
from the estimate of net social benefits measured in the partial equilibrium 
framework to take account of the general equilibrium effect. 
154. In the particular case considered, the actual demand curve was 
assumed to have an elasticity greater than 1 in the relevant range. If it had 
an elasticity less than 1, the relationship between the two demand curves 
would be different, and the triangle would represent a net loss, and have to 
be added to the partial equilibrium estimate of benefits. 
.L/ Benefits are always measured by assuming the production technology were 
withdrawn (a shift to the left of the supply curve) in order to provide a 
conservative estimate of the benefits. 
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QUANTITY 
ILLUSTRATION OF GENERAL EQUlLlBRlUM 
EFFECTS ASSWIATED WITH SUPPLY SHIFT 
World Bank - 18531 
- 33 - 
155. The Peterson %ormuILation of the problem is somewhat demanding in 
terms of the measures of economic parameters required to make the estimate. 
By the same token, however, a great deal more can be learned from the analysis 
in terms of the distribution of benefits between consumers and producers and 
the adjustments for general equilibrium effects. 
156. Schmitz and Seckler (82) extended this basic model in an interesting 
way. As noted above, the increase in productivity due to technical change can 
require the release of resources from the sector, depending on the conditioas 
of demand for the prodnct. If alternative employment possibilities are 
not available, the resources released may be unemployed. If they are, then 
the income lost by these unemployed resources has to be deducted from the 
benefits of the technical cha e to determine the net benefits. 
157. Schmitz and Seckler vPewed the mechanical tomato harvester as an in- 
novation of agricultural research which caused farm workers to be unemployed. 
They first estimated the benefits of the research on the harvester in the 
usual way, and then estimated the returns the unemployed workers would 
have received in the absence of the technical change. These sacrificed 
returns were then subtracted from the benefits. 
158. This procedure amounts to taking into account the adjustment 
cost associated with the technical change. It should be noted, however, 
that resources could be induced into the sector as a result 
change. If this occurs, it should be taken into account as 
will mean a reduction in output in other sectors. 
159. Ayer and Schuk (10) further extended the model by 
web behavioral model for the sector. This model leads to a 
adjustment costs because ex post results do not square with ___~~ 
of technical 
well, since it 
specifying a cob- 
different kind of 
ex ante expecta- 
tions. Their procedures net out these adjustment costs from the net flow of 
benefits. 
160. Ayer and Schuh also made a qualitative analysis of which group of 
factor owners received the benefits of the technical change. This was done by 
taking into account the characteristics of demand and supply for the individual 
input categories. They also shoyed that trade and other economic policy 
played an important role in determining how the benefits of the technical 
change were distributed between consumer and producer groups. 
161. The final contribution to the methodology using economic surpluses 
was made by Hayami and Peterson (46). Although the model will not be elabora- 
ted here, their analysis is important in that it provides a means of evaluat- 
ing economic research and research of a more general nature than that con- 
cerned with production alone. Their study was concerned with estimating the 
social returns to government expenditures on public information services such 
as the collection and reporting of information useful for decision making in 
both the public and private sectors. Their particular interest was the 
statistical reporting of US farm-commodities, 
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162. The basic assumption of their model was that erroneous information 
causes producers to make erroneous production decisions and also distorts 
optimal inventory carryovers. Hence, marginal improvements in the accuracy of 
these statistics reduce the social cost of misinformation, which in turn can 
be considered as an increase in net social welfare. By relating the marginal 
improvements in the net social welfare to the marginal cost of provid:Lng more 
accurate information, the:y can estimate marginal social benefit-cost ratios 
for the various levels of accuracy of the information. 
163. We believe this basic formulation of the problem has more general 
application. Agricultural research in its broadest sense is in effect nothing 
more than providing information to relevant decision groups. Aa the evaluation 
of research moves beyond its past concentration on output-increasing production 
research, we believe the Hayami-Peterson model points the way to a more 
general methodology. 
164. To conclude this discussion of methodologies using the economic 
surpluses concepts, we note that Lindner and Jarrett (57) have recently made a 
critique of the various assumptions used by previous authors. Since their 
paper deals with some of the finer parts of the analyses, we pass over them 
here. 
C. The Production Function Approach - 
165. A completely different approach to estimating the payoff to <and the 
effectiveness of agricultural research is to specify the production function 
for the commodity or the agricultural sector as a whole in a sufficiently 
broad framework that social inputs such as agricultural research can be 
included in it. The conventional production function includes only on-the- 
farm inputs. But inputs provided by the public sector can (and perhaps should) 
be included just as well. 
166. Griliches (43) w#as perhaps the first to use this approach, but it 
has also been used by Peterson (69), Evenson (31) and others (55). The 
advantages of this approaclh are that it effectively controls for the other 
inputs used in production (if the data are measured accurately) and provides 
an estimate of the margina& product of research. (Methods referred to above 
all give estimates of the iaverage return.) A marginal return is more useful 
than an average return to decision-makers studying the merits of new research 
projects. 
167. An important contribution of the Evenson analysis was to throw light 
on the time path of response to increased expenditures on research. He found 
that the returns over time first increased and then decreased, with the high 
point occurring after about six years. Estimates of the rate of return to 
expenditures on research are sensitive to the time path in which benefits 
are forthcoming. The insights gained by the Evenson analysis can be used to 
improve the estimates of the rates of return, 
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168, The ~~~d~~~~~n function approach is potentially as rich as the 
economic surplus approach, although its flexibility lies in somewhat different 
directions. For example, attempts have been made recently to refine this 
approach so that it could be used for decision-making purposes. Bredahl and 
Peterson (16) estimated an aggregate production function for US agriculture 
using 1969 state data as observations, and included expenditures on agricul- 
tural research as an planatory variablee They were interested in comparing 
the productivity of research among cash grains, poultry, dairy, and livestock. 
Their analysis provides estimates of the marginal rate of return to incremental 
changes in the investment in research on each co dity group, plus an esti- 
mate of the marginal rate of return for each state. Hence, their results 
provide a guide as to productive reallocations of research expenditures both 
among commodity groups and among eographic areas* i/ A similar analysis 
might be done using country observations rather than state observations. 
169. Evenson, Flores, and Hayami (33) have used the basic production 
function approach to deal with the technology transfer problem. Their interest 
was in analyzing the costs and benefits of rice research, a case where both an 
important International Center and natienal research programs have produced 
new knowledge which presumably differs in its transferability. They also 
attempt to take account of knowledge transfer from other disciplines. 
170. The basic model amounts to regressing the change in yield of rice 
over a base period on a set of farm input variables that would be expected to 
influence yields plus a set of knowledge stock variables that are constructed 
as cumulated research investment. The knowledge stock variables include 
(1) research undertaken in agronomy and plant breeding specifically to improve 
rice technology; (2) research activity in plant physiology, phyto-pathology, 
and soil science (research which is not commodity specific); (3) agronomic and 
plant breeding research activity in countries other than the country in 
question, but which are in the same geo-climate region; and (4) agriculturally 
related scientific research in other countries located in the same geo-climate 
zone. 
171. The regression analysis provides a means of statistically isolating 
the effects of these various research programs, while at the same time control- 
ling for the use of other inputs that are expected to influence observed 
yields. The benefits of research can then be imputed to particular research 
programs, and one has the basis for answering allocatory questions. In 
principle, increments in budget would be allocated to where the social rate 0% 
return were highest. 
d. Impact 0% Research on National Income 
172. Tweeten and Hines (100) have used a still different approach to the 
evaluation of the returns to agricultural research. Their approach is somewhat 
11 Robert Thompson used similar methodology in his Ph.D. dissertation to 
estimate the marginal rates of returns to research activities by state in 
Brazil. See Thompson and Schuh (99). 
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aJimil.ar to the input-saving methodology, and recognizes explicitly that a 
‘-ant: ibiitioa of new agricultural technology is the resources it releases to 
LL~ ::snfarm sector. 
‘72 Tweeten and Himes calculate how much lower the national income would 
~?'ff the percentage of people on the farm were still the same as in 1910 and 
;I& z:aulting additional farmers had the income of today's farmers instead of 
mday'*s non-farmers. This provides a measure of the benefits from research. 
Then they estimate the costs of public and private research, education, and 
Bederal programs, and use these to calculate a benefit/cost ratio. 
274, This approach provides only a rather crude approximation to the 
benefits of agricultural re;search. It does provide it in a form understand- 
able by policy workers, however, and may be feasible when data are rather 
scarce* 
e. Nutritional Impact 
175. Research goals for agriculture may be expressed in nutritional 
objectives. Pinstrup-Andersen, Londono, and Hoover (72) have developed a 
procedure to estimate the nutritional implications of alternative commodity 
priorities in agricultural research and policy. Their model estimates the 
distribution of supply increases among consumer groups, the related adjust- 
ments in total food consumption, and implications for caloric and protein 
nutrition. This procedure permits a translation of increases in agricultural 
output to its impact on nutrition, and by income groups. Hence, equity and 
nutritional considerations can be analyzed. 
176. This model is rather demanding in terms 0% detailed knowledge of 
demand parameters and present consumption patterns, It does not in itself 
provide estimates of rates of return, but could be extended to such an analysis 
if nutritional objectives were translated into a suitable form. This approach 
does provide information that could be of considerable value in establishing 
research priorities if improved nutrition is the research goal. 
* * * 
177. To conclude this section, we would note that a rather rich set of 
earth procedarre8 %mre been developed whereby research can be evaluated and 
its contributimm and variow effects analyzed. It should also be rather 
obvious that there is no one approach that o%fers a panacea. Different 
approaches are useful for anrrwering different questions, and the particular 
question will vary a great deal depending on the individual problem situation. 
178. The main conclusion! we draw is that there is an ample methodological 
base for using data generated by the economy and past experience to understand 
and analyze the consequences of investments in agricultural research and its 
interactions with economic policy and institutional arrangements. The knowledge 
gained from these analyses can in turn be used to improve the decision-making 
with respect to scarce research resources. 
- 37 - 
B. Ex Ante Models 
179. In this section we review some of the major procedures and methods 
that have been used to improve ex ante decision-making with respect to 
research resource allocation.- The literature in this area is vast, since such 
procedures are widely used with industrial and military research. L/ Our 
review concentrates on the models developed for agricultural research. 
These models range from approaches which provide a systematic means of utili- 
zing informed judgment, to approaches which attempt to provide empirical 
knowledge on the consequences of alternative causes of action, 
180. Before discussing some of the methods suggested in the literature, 
however, it is fitting to recall the words of Cetron and Johnson (22): 
"We are well aware of many of the omissions and weaknesses of these quan- 
titative-selection or resource-allocation techniques. It should be stressed 
again that they are not intended to yield decision, but rather information 
that would facilitate decision. Indeed, these techniques are merely thinking 
structures to force methodical, meticulous consideration of all factors 
involved in resource allocation. Data plus analysis yield information. 
Information plus judpment yield decisions." A/ And they go on to say: "It is 
wrong to say that one must select intuitive experience over analysis or minds 
over machines; really they are not alternatives ; they complement each other. 
Dsed together, they yield results far better than if used individually." 
181. Pure analysis or pure intuition should not be the objective of 
any decision-making group. There is an unknown optimal mix of analysis 
and intuition. This optimum combination cannot be defined a priori and 
generally. It has to be reached through the joint effort of analysts and 
managers. A continuing, sequential, dialetical process will be necessary 
to determine what is necessary and possible with respect to Loasby's (58) 
"'width of agenda", "set of control variables", and "degree of programming." 2/ 
182. Decision problems such.as those associated with the allocation 
of resources to agricultural research have been classified according to 
three major criteria. The first is according to time, with the problems 
classified according to whether they are static or dynamic. For decision 
For an analysis of the state of the arts as of 1968, see Rubenstein 
(78). He calls attention to the fact that up to that time much of the 
literature was the result of laboratory experiments, not models that were 
actually implemented, and that to be useful to the research manager the 
entire process (problem recognition, research, development and testing, 
engineering and tooling, adoption and continuous improvement) had to be 
carried out. See also Rubenstein (77), Cartwright (20), Augood (9), 
Clarke (24), Gear (37), Cetron, et. al. (23), Caty, et. al. (21), 
Shumway (88), Allen (6). 
21 Underlined words were stressed in the original. 
31 See below for more detail. 
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models formulated in a static framework, time is not considered explicitly. 
The actions and reactions involved in these sit~ahions are either assthmed 
to take place instantaneously, or without a time dimension, For models 
formulated in a dynamic framework, time 2s considered exglieitly and the 
actions and reactions are assumed to occur at different distinguishable points 
in time, 
183. There is also a compromise between static snd d-ynamic models, the 
comparative static framework. In this case a static analysis for diflferent 
points in time is made9 and then a comparison is made of the results over 
time, The objective is to keep the sfmpPfcity of static madels while gaining 
some advantages of the dynamic perspective. 
184. A second criterion according to which decision problems may be 
classified is according to tbe degree of uncertainty a/ involved. At one 
extreme, models have been built assuming perfect knowledge with respect to all 
events taking place. It is assumed that the decision-maker has complete 
certainty about actions and resultant outcomes, both qualitatively and quan- 
titatively. These .models are called deterministic. Against these sim;pler 
models, there are models that try to take into account the realities of 
uncertainty facing decision-makers in any area of endeavor. These are called 
probabilistic models, since they try explicitly and formally to consider the 
fact that certain variables have a probability distribution of possible values 
and are not under the direlEt control af the decision-maker, The most the 
decision-maker can do is to insure himself against the sisk involved in this 
situation. As with any insurance scheme, premiums and the probability dis- 
tribution of losses will have to be evaluated- An extreme case of uncertainty 
is when the probability distribution of the uncertain events is not known, %/ 
185. The third criterri:on according to which decision problems may be 
classified is according to the "environment" in which the decision-maker, be 
it a person or a group of persons, has to take decisions. To the extenr that 
there is not an intelligent and informed force reacting to the decision-maker 
in a competitive way, i.e., to the extent there is no conflict of interests 
between the decision-maker's decisions and the opponent force@s objectives 
or goals, the decision problem is represented by a one-decision-maker model. 
Otherwise, conflict of interest between competing decision-makers, persc'ns9 
or groups of persons, results in the necessity of the decision model taking 
into consideration each opponent decision maker's reaction to one's decisions. 
These much more complicated decision situations are analyzed through modds 
generally designated by two-- or n-decision-maker models, 2/ 
11 No effort is made here to distinguish carefully between risk and uncer- 
tainty in Knight's (54) sense. A dFsctlssBon of the distinction between 
risk and uncertainty may be found in Roumasset (76). 
21 A discussion of risk and uncertainty has been part of the literature 
on decision theory for many years, A standard reference for these 
concepts and for the discussion of subjective versus objective probability 
may be found in Lute anld Raiffa (59). See also Hampton et al. (44), 
21 Again, Lute and Raiffa (59) is a good reference, 
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186. Most of the decision problems in the area of agricultural research 
resource allocation may be treated as a one-decision-maker situation and 
therefore do not call for models that represent conflict of interests. But 
both time and uncertainty are important elements in agricultural research. 
Moreover, to obtain the possibility of explicitly considering time and un- 
certainty in analytical models of research resource allocation, a price has to 
be paid in terms of mathematical complications. 
187. The degree of complexity will also depend on other factors. 
Loasby (58) classifies decisions according to three aspects: (1) width of 
agenda, (2) specification of the set of control variables, and (3) degree of 
programming. The width of agenda refers to the definition of the system 
boundaries. The decision to consider single or multiple goals, as well as 
single or multiple restrictions, is a relevant issue in this context. The 
specification of the set of control variables had to do with the planning 
horizon or, as it may be put, with the length of the run, whether short or 
long. The degree of programming depends on how precisely the decision pro- 
cedures are prescribed. It is clear that in modeling decisions, the degree of 
difficulty will depend on how broad the system's boundaries are, how many 
variables are considered simultaneously , and how well programmed the whole 
procedure is. 
a. ScorinP Models 
188. Scoring models are relatively simple procedures to formalize the 
decision process involved in the choice of a research portfolio. Key eval- 
uators, usually the scientists themselves, are called upon to express their 
evaluation of alternative research projects. These evaluations are based on 
the potential contribution of each research project to a prespecified goal or 
set of goals. These goals can be measured in a continuous or discrete way, 
but evaluations are expressed numerically. Where more than one goal is 
involved, the same or other evaluators will have to establish a weighting 
structure. That is, they will have to express numerically the relative 
importance to society of each goal, especially if they are competitive. 
Complementary goals can be reduced to only one goal. 
189. Scoring models are generally very flexible not only with respect 
to the number of goals, but also with respect to the type of goals considered. 
The specific approaches we will review here are those developed by Iowa 
State, North Carolina and NASTJLGC~USDA. 
(i) The Iowa ModelL/ 
190. The primary purpose of the Iowa model was to ensure the greatest 
return for the research money spent at the experiment station. z/ In addi- 
tion, however, an increase in the value of research output was expected due 
to better evaluation and selection of projects, and an increase in resources 
for research due to an improved ability to demonstrate their efficient use. 
2-1 An algebraic representation of this model is presented in Appendix A. 
21 See Mahlstede (60). 
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191. A first and very i.mportant step in the implementation of the Iowa 
procedure was a decision by all administrators involved regarding the neces- 
sity for a more formal method of resource allocation, and their agreement on 
and commitment to a proposed scheme for evaluating research projects. The 
next step consisted of developing a set of goals and sub-goals. Three 
goals were selected: growth, equity, and security, which were assumed to 
apply to the state of Iowa as well as the country as a whole. 
192. The first experiments with the model considered only growth, 
This was due to the difficulties involved in weighting the three goals. 
Nevertheless, this review will be concerned with the conceptual model in 
which all three goals were considered. 
193. The research effort of the station was divided into three major 
areas: commodity research, resource research, and agricultural management 
research. These three areas were further subdivided into 19 sub-areas Mom- 
prising one or two products, or resources, or aspects of agricultural and 
management research. To each one of these 19 areas a panel of experts was 
assigned. 
194. The panels were then asked to identify all research alternatives 
in each area. Each panel member had to present a list of research projects 
that in his opinion would represent a significant contribution to knowledge 
and to the goals of growth,, defined as value of resources saved and as value 
of increased output. The panel had to consolidate these individual opinions 
into a list of suggested research activities. In addition, for each alter- 
native research project suggested by the panel, an estimate of the cost in 
terms of science man-years and other supporting costs was presented. 
195. As a second step in the procedure, these lists of suggested research 
activities were submitted to another special panel for evaluation in terms 
of the second criterion, equity. The panels were asked to give an evaluation 
of each project in terms of its contribution to absolute and relative equity. 
This procedure was then repeated in order to take security into account. 
196. A scoring procedure, where each project receives a "grade" on 
a given scale according to its contribution to growth, and then to equity 
and security, is the core of the method. The difficulty in scoring is 
evident, as well as its strlong dependency on the experience and wisdom of 
the panel members. 
197. This is a static, deterministic model Insofar as time and uncer- 
tainty are not explicttly accounted for. The effect of some kinds of un- 
certainty can be evaluated by means of sensitivity analysis, however. 
198. A question might be raised as to whether this model requires too 
much guessing. The answer is probably yes, but they can be informed guesses, 
which tend to improve with repeated trials, A second question is whether 
\ 
- 41 - 
this model is better than no model at all. Again the.answer is probably 
yes, so long as scientists and decision makers work together to improve it.l-/ 
(ii> The North Carolina Model 
199. The major question addressed in the North Carolina Agricultural 
Experiment Station model was how much emphasis (in terms of resources) should 
be put into each of the research problem areas. A/ The procedure involved 
several groups of interdisciplinary research and extension faculty, plus 
several groups of external scientists. Groups of administrators from the 
experiment station and from the departments were also involved. 
200. The interdisciplinary teams of researchers and extensionists were 
allocated to the following research problem areas: biological sciences 
and technology, animals and plants, environment and natural resources, 
and food-fiber-people-economics. They reviewed the entire research program 
and prepared recommendations on how and when human and monetary resources 
should be reallocated. Then they rated each of their recommendations according 
to criteria such as the extent to which the research met state experiment 
station, department and national goals, the urgency of the problem, cost, 
relevance, likelihood that research results would not be available elsewhere, 
and potential contribution to knowledge. I3/ Not all of the above criteria were 
used in each of the four areas into which the research program was classified. 
However, a weighting system was developed for the criteria through use of a 
Delphi procedure A/ involving the department heads and the administration of 
the agricultural research station. 
201. The recommendations of the interdisciplinary in-house teams were 
then submitted to several smaller groups of external scientists. After 
reviewing these recommendations, the external groups of scientists developed 
their own set of recommendations for resource reallocations within the research 
program, and rated the recommendations of the in-house teams. 
202. The recommendations of the interdisciplinary in-house teams were 
finally rated according to the criteria discussed above by each member of 
r/ A version of this model was used in the recent World Food and Nutrition 
Study conducted by the National Academy of Sciences (64). The individual 
panels were urged to make quantitative estimates of the expected costs and 
benefits from the priority lines of research. 
21 See Shumway (89) for a detailed report on the North Carolina procedure. 
See USDA (102) for a description of the classification of research problem 
areas. 
21 These criteria were adopted from the criteria recommended in USDA (102). 
See also Williamson (106). 
kl On the Delphi method see Dalkey and Helmer (25), Beattie and Readerr 
(14), and Brown and Helmer (18). 
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three groups: in-house scientists, external scientists, and department 
heads. Research area scores were then computed by an algebraic formula, L/ 
averaging over the criteria all the partial scores attributed to the recom- 
mended increase in resolurces to a given area. Weights representing the 
relative importance of e,sch criterion were used to arrive at a weighted 
score. These scores represented the evaluation of individual scientists and 
administrators of the imj?ortance of each research area. 
203. The average so-:re was thin computed for each research area. This 
average score was a nume:r;ca: expression of the "average" opinion of in-house 
and external scientists, plus administrators, with respect to the "relative 
worth" of each research area, given the criteria set that was developled 
independently. 
204. The North Carol.ina method, like other scoring methods, has the 
advantage of forcing all people involved to spell out formally what they 
think each research effort will contribute to given goals while at the same 
time respecting some restrictions. A feature of the North Carolina model 
that deserves special attention is the computation of two related measures 
to rank the research areas: the "average" and the "average minus one standard 
deviation." The "average :m.Lnus one standard deviation" measure for research 
areas with the same aver;.-g2 sc;re will give preference to the research 
areas in which opinions *a'ere ~icser together. That is, it will give a 
higher rank to research ~r~eas where consensus is greater. 
205. Another point to note 2/ is the diversity of opinions demonstrated 
by the North Carolina effort. The degree of (linear) association among scores 
given to different research aleas by any of the three groups of scorers 
involved was low (the highest was 0.45). The same low association was 
found within groups of scorers. 
206. The major fault with the North Carolina model, aside from those 
due to the intrinsic characteristics of scoring models, was the failure 
to specify the goals more preci_sely. Consequently, each scorer could have 
a different idea about the goais of the experiment station, the departments, 
and the country. 
(iii) The NASULGC-USDA Model I- 
207. The National Association of State Universities and Land Grant 
Colleges and the USDA jointly defined and implemented a systematic procedure 
for evaluating and allocating resources to agricultural research. 2/ A 
task force was assigned to the study and its first step was to prepare a 
11 See Shumway and McCracken (91). 
21 This point is discussed by Shumway and McCracken (91). 
31 The basic document reporting this effort is USDA (102). See also Bayley _ 
(13). The present discussion closely follows Williamson's (106) excel- 
lent presentation. 
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general scheme for the classification of research. Research was classified 
into three major headings, according to whether it was related to an activity, 
a commodity or resource, or a field of science. The short term objective 
of the classification scheme was to assemble information to describe research 
programs and to project needs and priorities for future research. The longer 
term objective was to develop an information storage and retrieval system. 
208. A second task in the general procedure was to classify according to 
this scheme all research going on at the Department of Agriculture's research 
units and at the state agricultural experiment stations. Information was also 
developed on the number of scientist-man-years and funds expended during 
fiscal year 1965. This permitted an estimation of scientist-man-years and 
funds being devoted to each research category in the classification schemes. 
209. The third task was to establish national goals for agricultural 
research. Usually, national goals are too broad for the relationship between 
them and the agricultural research output to be evident. L/ It was at this 
stage of the study,that the Planning Programming Budgeting (PPB) 21 system 
was adopted by the Department of Agriculture. As Schich (81) says, "One 
of the major aims of PPB is to convert the annual routine of preparing a 
budget into a conscious appraisal and formulation of future goal and policies," 
Then, the study and PPB had to be adapted to each other in terms of the 
study's goals and the PPB's "missions". 2,' 
210. The research program was then divided into six areas: (1) soil, 
water and air; (2) forestry; (3) horticultural crops; (4) field crops, (5) 
livestock and poultry; (6) agribusiness and human resources. To each of 
these six areas a review panel was assigned consisting of people from 
universities, federal and state agencies, private research organizations, 
producer groups, industry, and members from the original group responsible for 
the study. The objective of these review panels was to go into the details of 
11 Mahlstede's (60) discussion of the Iowa model presents examples of how 
to relate social goals like People's Welfare to intermediately defined 
research lines. His example is not a general solution, though. See 
also Pinstrup-Andersen and Franklin (71). 
a According to Puterbaugh (73) the PPB system implied the use of a problem- 
oriented budget, a "zero-base" budgeting process in place of the usual 
incremental budgeting, and multi-year budgeting. All these aspects involved 
difficulties. 
21 It is interesting to note Williamson's (106) comment that "Final agreement 
on the goals was not reached until the estimate of future research needs 
was essentially complete." 
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each area, subdividing them into research problem areas and providing estimates 
of the number of science-man-years needed in the future. l-1 
b. The Minnesota Model 
211. IS is classified as .a multi-dimensional ranking method. 2.7 
It is a well thought out logical structure that takes into consideration 
many of the uncertainties involved in the prediction of costs and benefits 
in research. 
212. Three major steps sre involved in IS: specification, esti- 
mation, and analysis. A fourth step would be selection of the research 
portfolio, but this is not within the scope of MARRAIS itself, Selection 
is left to the decision-maker. MARRAIS is an information gathering and 
processing device to help decision-making, just as most of the other existing 
methods for resource allocation analysis attempt to be. 
213. In the specification phase, the alternative research projects: to 
be analyzed and evaluated are defined under lines of administrative respon- 
sibility. (MARRAIS cannot help in identifying the research alternatives.) 
In addition, the form of the research results and the unit of measurement 
of these results are specified at this stage. MARRAIS uses percentages 
of total objective achievement as the unit of measurement. This is to take 
account of the fact that benefits may be derived from research efforts that 
do not fulfill their objectives. Another point to be specified in this 
stage is who is going to provide all the necessary estimates related to 
research costs and benefits. The choice of "estimates" has no sound theory 
on which it can be based. 
214. The second phase in MARRAIS is estimation. To understand the 
estimation phase, it is necessary to understand the logical structure o:E 
the model. 21 MARRAIS works either with a present-value formulation of 
benefits and costs, derivin,g from these benefit-cost differences (B-C) and 
ratios (B/C), or with an internal rate of return (IRR) formula. All the 
estimates are made under alternative levels of average annual expenditure 
and expected true horizons .Eor project completion. 
215. MARRAIS recognizes that in practice a lot of uncertainties affect 
the discounted present value of costs and benefits, so they should be thought 
of as stochastic variables with given probability distributions, Moreover, 
the discounted present value of benefits depends on certain variables. 
MARRAIS hypothesizes that it depends on the annual benefit accruing from 
the research, assuming 100 percent adoption of its results, OP the adoption 
patterns over time, on the "scrap" value of certain research facilities, 
and on the so-called '*process" value of research (the increase in the value of 
L/ The "future" at that time was the current 1977 year. 
.g/ See Shumway (88). For a "best informed" exposition on IS, on which 
the present discussion is based, see Fishel (36). 
2/ An algebraic representation of the model is presented in Appendix 33. 
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participating scientists plus increased h n capital from graduate training 
ia-G,jlvad ith ttie research effor%). other hand, NARRAIS hypothesizes 
%ha% the stochastic (discounted) present value of costs depends on the average 
annual expenditure on research, on the m~im~rn annual expenditure on dissemina- 
tion, and on the time path of'dissemination costs of research starting one 
period after the project is completed. It should be noted that both the 
ado;;;r.ion patterns over time and the time path of dissemination costs are 
functions of time. 
216. Groups of experts lJ provide estimates for the variables. Given 
an average annual expenditure on a project, they estimate the probability 
of the project being completed in alternative periods of time. Then, with 
estimates of the mean time to complete the project and the average annual 
expenditure on the project, benefitsare estimated, This results in a pro- 
bability distribution of benefits from a given project, funded at a given 
level of annual expenditure and taking the mean expected time for completion. 
This probability distribution of benefits is weighted by the probability 
distribution of technological feasibility for each project and funding level. 
By a random sampling from the distributions of the involved stochastic vari- 
ables, plus single-value estimates of the non-stochastic variables, estimates 
are made of the distributions of the difference between benefits and costs, of 
the benefit-cost ratios, and of the internal rate of return. 
217. MAR&US is a relatively sophisticated, multiple-dimension ranking 
model. There may be serious difficulties ie applying it in an international 
context due to the large degree of variation to be found in the relevant 
variables and the difficult task "estimatorsP' would face. On the other hand, 
these same conditions are an argument in favor of a model such as MARRAIS. If 
the difficulties are recognized ) an attempt can be made to deal with them in a 
systematic way. Moreover, the potential for sensitivity analysis which MARRAIS 
offers with respect to all these uncertain phenomena may be very useful. The use 
of different parameters for the distribution of the stochastic variables, or the 
use of different probability functions, are some of the ways of dealing with 
the precarious confidence that is usually put on such "subjective" distribu- 
tions. But it may be very expensive both in time and money* 
c. Pinstrup-Andersen and Franklin Model 
218. The model developed by Pinstrup-An,,,.. aef=en and Franklin (71) is 
an attempt to reflect their argument that "concurrence between the technology 
specification received by the scientist and the technology which results 
in maximum contribution to the achievement of social goals is the respon- 
sibility of research management". This concern leads them to analyze the 
problem of defining working objectives for research from stated national 
development goals. It should be kept in mind that they are concerned with 
the allocation of agricultural research resources in developing countries. 
This helps explain the greater emphasis put on the relationship between 
development goals and agricultural research relative to other studies. 
Lj See Shumway (88) for a discussion of group procedures. 
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219. The authors argue that after the identification of the changes in 
product supply, input demand, and farm consumption necessary to attain the 
development goals, the identification of the research problems should be made 
independently of the alternative technologies that can contribute to the 
solution of the problem. They call this a "technology-free" specification of 
the problem, sfnce it d'oes not presume ex ante a particular technological 
solution to the problem. 
220. This is a very important aspect of the problem definition phase in 
scientific research. It relates to the 
sented. 
s'formP' in which the problem is pre- 
The advlee is not to jump from farm problem identiffcation to research 
problem definition in terms of required technology without a careful evaluation 
of all technological solutions available. Another point to keep in mind is 
that definition of the problem at the farm level is not an easy task. The work 
of Hayami and Ruttan (47) makes it clear that low productfon per acre in one 
region relative to another region does not necessarily imply a prob3.em in the 
first region. The differences in productivity may reflect a difference in 
factor proportions, 
factor prices. 
which in turn are induced by dffferences in relative 
221. After the identification of problems in a "technology-frees manner 
and, subsequently, of the alternative technologies available to solve each 
and every problem, it is necessary to estimate the time, costs, and probabili- 
ties involved in research and in farm adoption for each alternative technology. 
The next step is to estimate the tmpact of the research alternatives on farm 
consumption, product supply, and input demand. This effort requires some 
previous knowledge about the economic structure (parameters9 of the relevant 
production sectors and of the product and input markets. 
222. Then the estimated effects on farm consumption, ou product supply, 
and input demand are used to obtain an evaluation of the contribution of 
the alternative research lines to the achievement of the development goals. 
This leads to a specification of the working objectives for the research 
and of the desired technology. 
223. The representation of this approach by means of mathematical equa- 
tions is not simple, since it is a system approach to the allocation of 
research resources- Moreoverp it tries to relate specific research problems 
to overall aspects of growth, equity, and security through consideration of 
variables such as income distribution, nutrition, demand for labor and other 
services, farm consumption, capital formation, supplies and demands, net 
revenues, 'risk, etc. A flow diagram usually gives an easier pictorial 
understanding of the interrelationships involved, and such a flow diagram 
can be found in Pinstrup--Andersen and Franklin (71, p* 424). 
224. Eight social goals are considered, with the objective being to 
obtain an improvement in the following variables: growth, income distri- 
bution, employment, farmers" net income, farmers@ cash inflow, human nutrition, 
degree of self-sufficiency in food, and foreign exchange earnings. Other 
goals might be considered, additionally and/or in substitution of the eight 
cited, but the interrelationships and parameters in the model will have to be 
modified accordingly. - 
- 47 - 
225. This model can be applied to the problem of resource allocation 
in single product or production factor research (as most of the centers in 
the international agricultural research system are organized), multi-commodity 
research, and farming systems research (such as with small farms). Some 
promising empirical results have been reported by Pinstrup-Andersen and 
Franklin. 
226. Pinstrup-Andersen and Franklin's model is an example of a useful 
effort in the area of research on research, and deserves further testing and 
development. It also involves a relatively complicated methodology, however, 
if research management does not want to invest significant human resources in 
the problem of resource allocation. As a guide to the kind of information 
useful to the analysis of resource allocation, the model is quite useful. Its 
claims that the effects 
policy being pursued by 
earlier in this paper. 
d. Cartwright Model 
of research are highly dependent on the kind of public 
the country is important and in line with points made 
227. The model developed by Cartwright (20) focuses on the allocation 
decisions for research within a department of agricultural economics. Two 
decision problems are analyzed: the choice of research areas to work in and 
the choice of a research job portfolio. 
228. A large quantity of information is fed into the model of research 
and decision. The information includes (1) the amount of time each researcher 
has to input into each alternative procedure available to undertake the new 
research .areas in a given period of time (quarter); (2) the amount of time 
each researcher could divert from previous assignments to a new category of 
employment in a given quarter; (39 the amount of funds of a given category 
that the new research area would bring to the department in a given quarter if 
a given procedure were adopted ; and (4) the number of new staff positions in a 
given category that would be created in a given quarter if a certain procedure 
were adopted. With this information and a formal statement of the staff 
preference function, the allocation problem is cast in the form of a non-linear 
integer programming problem. 
229. Generally, information in (1) and (2) above is not readily available 
and' thus requires some additional estimation by the staff. Information 
in (3) and (4) is generally available in any proposal for undertaking a 
new research area or for reallocating resources among current research areas. 
230. The job portfolio selection model assumes that a more centralized 
decision procedure is implemented in the academic environment. It involves 
a simultaneous evaluation and selection of all research jobs once each 
quarter. Research is classified into four classes according to whether 
they are dissertion research or not, and whether they are in the agricultural 
experiment station program or are funded by outside research contracts. 
A fifth class, of currently active jobs, is also explicitly included, subject 
to a decision of continuing or stopping these jobs. A job can be modified 
with respect to time horizons, resource use , etc., by terminating it and at 
the same time starting a job with the required modifications. 
231. The iafomatio~ ~eq~iKe~ for the model includes (1) the amount of 
time required from each staff member by each alternative job i-n a given 
quarter; (2) the annual expenditure, by class of expenditure, from each 
budget component, required by each alternative job; (3) the amount of time 
uncommitted, by researcher and quarter; (4) and the annual budget, br ex- 
penditure class and by budget c ponest. Again, staff preferences have to be 
evaluated in a tentative effort to define the go 1s and, eventually, an 
objective function. This is an important and dif ieult task in the procedure. 
232. The models for research-area decisions and for job-portfolio 
decisions are structurally very similar. Cartwright (20, p* 151) calls 
attentton to the followfng five common characteristics: (1) the decision 
variables are interdepen~dent and linearly related, (2) these variables can- 
not assume negative values, (3) at least one variable can take on only one 
of two values and hence is not continuous, (4) the objective function con- 
tains several goals (somtl 2 of which may not have s natural or obvbous 
measurement) with an unknown mathematical form, and (59 the model can assume 
certainty about all facts involved or $t can assume that risks and uncertain- 
ties are present. 
233. The solution procedure for the model is not straightforward. An 
optimization procedure msy be used, as well as one that although not finding 
an optimal solution, uses stimulation to indicate some alternative, zzcepta- 
ble solution. 
234. Cartwright's model is very imaginative. Bowever, this is an example 
where more "development" of the model would be necessary before its use 
in routine decision making would be practical. Further development of 
the goals-preferences-objective function proc dure is necessary, as well 
as of the solution procedures. Also, since it wss cast in the framework 
of a department of a univeristy 9 a large number of modifications would be 
necessary to adjust this model to the International Agricultural Research 
Centers' conditions and needs. 
235. A short test of a research monitoring and reporting system ('REHORS) 
is also reported by Cartwright (12). This system consists of a register 
of all current and planned research, plus a system of reporting research 
progress. Reviews of the "cost-benefit" of REMORS by staff members were 
mixed. Of course, they probably had a very short-run review of the procedure. 
A long-run views, taki. a:count of rovements due to continued 
testing and development, might be more favorable. 
236. The general conc:lu;sion we reach is that although Cartwright's work 
is to be commended for its rigorous and comprehensive focus on quantative 
methods for resource location, it did not go very far into the development 
stage, even in the special environment of an academic department for sjhich the 
model was designed. Therefore, it does not seem appropriate for the inter- 
national agricultural zx:aea:xh system at this moment. 
e. Castro and Schuh Mode& 
237. The major characteristic of the Castro and Schuh model is the 
emphasis it gives to both growth and distributional effects of research 
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gad rhe resultant technological change. L/ Using the concepts of producer's 
and consumer's surplus, functional distribution of income, and two-sector 
models of general equilibrium, Castro and Schuh use analysis and information 
45~~ key parameters to assess the effects of research and technological change 
on given products of a given,country. A/ They establish four goals for a 
research program: (I) to increase the net income of the agricultural sector, 
(2) to increase employment and income of workers in the agricultural sector, 
(3) to increase consumer welfare through lower real food prices, and (4) to 
maximize the contribution of the agricultural sector to the growth of the 
overall economy, 
238. Castro and Schuh's model is not a formal, mathematical model, 
although it could be used as a starting point to build such a mathematical 
model. S/ The important point to note is its focus on both the growth and 
distributional effects of technological change 9 and on both the direct and 
indirect effects of research, A/ 
239. The explicit consideration of the distribution of benefits and 
losses between producers and consumers and among factors of production is a 
desirable characteristic of Castro and Schuh's procedure. A/ Also important 
is the following up of the effects and reactions of technological change in 
the agricultural sector into the non-agricultural sector. 
240. This model minimizes the burden put on scientists and administrators 
in terms of the amount of information necessary and in terms of the amount 
of difficult estimates and/or *'informed guesses" required. The model depends 
primarily on secondary data, and the burden of the analysis rests with the 
analysts. 
L/ This model is discussed in Castro and Sebuh (75). Details may be 
found in Castro (74). 
21 Cotton, sugar cane, rice, corn, edible beans, and maniac in Brazil. 
21 It is worth noting that Pinstrup-Andersen and Franklin's (71) model 
is in a sense a formalized version of Castro and Schuh's analysis. Of 
course, it is formally much larger and more comprehensive, with subsystems 
for the demand side cast in terms of matrices of elasticities, etc. 
41 Brinegar (17) argues strongly in favor of taking account of indirect 
(second and higher order) effects of technological change through long 
term multipliers. Quoting another author in the area of education to 
the effect that "recent estimates of high economic return to education 
could be very misleading because the real returns are much higher," 
Brinegar implies that the same might be occurring with research because 
secondary effects are not followed through time. 
2.1 Bayley (13) in addition to warning against a "Creek philosopher's attitude" 
with respect to new methods for research resource allocation, calls 
attention to the need to better identify how benefits and losses are 
distributed. 
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241. A point to note is that in Castro and Schuh's model no explicit 
treatment of the probabilities of success (technical, "commercial" or other) 
is presented. This fs as difficult an aspect of ex ante models as it is 
important, The question 2nvolves how much difference it makes to discriminate 
even grossly among probabilities of success for alternative research. endeavors 
relative to not discriminating at all. Not discriminating Pmplies that for aI11 
practical purposes the probabilities are assumed to be equal. The question 
that arises is whether it .is more desirable to give an equal probability of 
success to all alternatl.ve research projects than to try to discriminate among 
them. Ultimately, this is an empirical question, The answer may have to wait 
for further research. 
242. Another point worth noting is that the Castro and Schub model was 
developed within the framework of a given country, with given goals, fnstitu- 
tions, policies and endowments. The international agriculturdl research 
system, eveu in the case of a Center concerned with onEy one commodity, 
operates in a much wider milieu, The task of following the distributional 
effects among all classes of exporters, importers, producers, consumers, 
regions, sectors, etc. becomes much greater. However, 
whatever the e&location model chosen. 
this problem is present 
The fact that some models dodge this 
obstacle by not giving any consideration to these aspects does not make them 
any more desirable. 
- 
f. Easter and Norton N& 
243. Easter and Norton (29) apply an ex ante benefit-cost analysis to 
requests for additional resources in the federal budget of the Land Grant 
Universities, Specifica.L%y, they consider the case of certain research 
program areas in corn and s,oybeans in the North Central region. They also 
discuss applications of benefit-cost analysis to livestock and to ruraL 
development research. 
244. In discussing the criticisms that have been made against the use 
of benefit-cost ratios insx ante analysis of research resource aLlocation, 
they argue that "while problems of estimating benefits preclude the determi- 
nation of an 'optimaa" allocation of research resources, quantitative cost 
benefit techniques may help policy makers improve their decisions. Certainly 
as a minimum, carefully calculated estimates of benefits can be compared with 
costs to determine which projects will likely yield positive returns."g 
245. Benefit-cost ratilos are calcukated using the Low side of a 'range 
of estimates provided by scientists on the yield and cost effects of each 
research Line, as well as on the expected adoption rates for the new tech- 
nology. Also, a discount rate is adopted (LO% in the example) together 
with product prices and probabilities of success for each research alter- 
native. Some assumption is made about the trend in area cultivated with 
the crop, in the present example that it would remain constant at the base 
year (1975) level. Product quality was also assumed either unchanged or, 
if improving, not affecting the cost of livestock feeds. Benefits were 
followed through a period of 25 years ending in the year 2000. 
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246. An important aspect of the analysis of required additional funds 
for research in the Easter and Norton approach is the sensitivity of benefit 
cost ratios to single and combined variations in the probabilities of success, 
the expected yield increases, the product prices, and the length of the lag 
between research expenditure s and the availability of the research results to 
the farmers. While it is easy to anticipate the direction of the changes in 
the benefit cost ratios due to changes in these conditions, the careful 
application of sensitivity analysis to any real, quantified evaluation, is a 
very important source of information to the decision-makers. As a matter of 
fact, it works as a kind of feedback process to let administrators know the 
relative importance of added precision and accuracy in the estimation of the 
several variables involved in the evaluation. 
247. An effort was also made to assess the distribution effects of 
the research program. The increased-production effect of the research was 
spread over the related sectors of the economy. In the example used by 
Easter and Norton, the effect of a 3 percent increase in the production of 
corn and soybean on the feed, livestock, and meat economy was traced through. 
The price elasticity of demand for corn and for soybeans were used to assess 
the effect of increased production on farm gross income. These elasticities 
appear to be close to unity, since gross farm income is estimated to remain 
unchanged. Effects on the soybean oil market were also analyzed, as well as 
the long run effect on the livestock sector. 
248. In evaluating research projects in livestock, the benefit-cost 
ratio, given the necessary adaptations, was still considered useful, in spite 
of a greater difficulty in assessing benefits. In the rural development 
research and extension project appraisal, Easter and Norton turn to cost 
effectiveness as an operational method. They call for information on (1) the 
research and extension objectives, (2) a dost estimate by objective, and (3) 
expected outcomes in physical (in money if possible) terms. Alternative ways 
of reaching the same results are then assessed. 
249. As one of their conclusions, Easter and Norton stress the key 
role that the cooperation between scientists and social scientists plays 
in the effort to evaluate ex ante research efforts. 
c g. Atkinson-Bobis Model 
kd 250. Simulation, viewed in a broad perspective to include several random 
sampling procedures, has been utilized in several models for research resource 
allocation. In the studies reviewed above, simulation was normally used in 
the approaches of Fishel, Pinstrup-Andersen and Franklin, and Cartwright. lJ 
Simulation is at the center of Atkinson-Bobis' model. 
L/ In 1972, Souder (93) estimated that much moQ;-t\ than one hundred models of 
research resource allocation had been built, Simulation procedures must 
have been more or less an important component'of the solution approach 
to a good number of these models. 
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251. The model developed by Atkinson and Bobis (8) for the industrial 
sector has fared well in the opinion of experienced research managers and of 
model builders. L/ It is not a pure simulation model since it involves 
optimization through dynamic .programming. A random sampling procedure is used 
to take account of the stochastic nature of some of the variables involved 
in the procedure, producJ.ng a distribution of losses and of positive returns, 
in dollar terms, around the expected returns. 
252. The Atkinson-Bobis model has a probability component relating 
expenditures and probability of successful completion of each project, in 
each year and after any number of years within the planning horizon (five 
years of investments and eleven years in total for the product life in 
their example). Probabilit.Fes of technical, legal, engineering, and commercial 
success are established, and the product of these probabilities, provided the 
project is completed, gives the overall probability of success0 
253. Sales estilaates' for specified years are made and they are fitted 
into a logistic equation due to the observed fact that new product sales 
usually follow an S-shaped pattern. The sales function recognizes that 
the initiation of sales later than anticipated usually results in a s:maller 
share of the market being gained after sales are stabilized. The pen.alty 
for starting sales later than in the first year after successful completion 
of the project is made severe in the Atkinson-Bobis model. 
254. Some assumptions are made about selling prices in each year, as 
well as about manufacturing costs (profit margins may be used). Overhead 
and selling costs are assumed a constant proportion of sales revenue. 
255. The revenue from sales in any given year , considering sales started 
in any previous (or current) year, is then computed. The present value 
of the revenue stream net of overhead, selling, and manufacturing costs 
provides an estimate of the net revenue for any given project assuming 
sales started in a given year. Weighting these values for differences in 
the starting year of sales with the probability of success of the project 
in each year gives an expected payoff. 
256. An estimate of the expected discounted research expenditure is 
obtained by considering expenditures and probabilities in both cases of 
project failure and success in each year. Then, the expected payoff minus 
the expected expenditures provides a measure of the expected profit of the 
project. 
257. The model also has a mechanism to analyze the rate of expenditure 
over time. Using concepts of efficient research expenditures, effective 
research expenditure, and the relationship between expenditures in one 
year and in the following years, an equation is derived to permit adjustment 
r/ Souder (93) reports that the Atkinson and Bobis model came out well in 
a comparison of 26 models according to realism (weight = 4), flexibility 
(weight = 3), capability and facility of use (weight = 2, each), and 
cost (weight = 1). Shumway (88) calls attention to this comparison. 
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in efficient expenditures in each year, The mechanism penalizes "over- 
investment" in the beginning year of the project, due to the higher prob- 
ability of wasting resources. An optimization procedure is then utilized for 
the profit variable over a set of projects subject to a budget constraint. 
258. Results from an example presented in Atkinson and Bobis indicated 
that resources should be concentrated in fewer projects than the usual 
research policy was funding. An iteratfve procedure was used to reduce 
the optimization solution by the number of years, going over it year by 
year and repeating the allocation process until only negligible improvement 
in profits was verified. 
259. Atkinson-Bobis resort to a random sampling procedure since the 
optimization works with point estimates for all the variables involved and 
since an interval estimation is more secure and informative. Moreover, 
sensitivity analysis with the optimization procedure would be laborious 
and not recognize the different probabilities associated with the different 
values in the relevant range of some of the variables. This simulation 
through a random sampling methodology permits the generation of a distribution 
of results (both losses, in the negative range of profits, and positive 
returns) around the expected profit for each project (the expected profit 
unbiasedly estimated by the average profit of all the simulation runs for 
each project). 
260. This is just one example of a model using a kind of simulation 
procedure. The model was designed to represent the conditions and environment 
of an industrial concern, and would have to be adjusted for applications 
in agriculture. However, the form of the final output and some characteristics 
of the structure of the model make it a necessary consideration when evaluating 
alternative models. 
****** 
261. The ex ante models described above are but a few examples of the 
large number of models that have been tried in actual applications. The 
degree of methodological sophistication ranges from the simpler scoring models 
to the more complex mathematical programm3ng models. 
262. The advantages of these models are that they provide a basis for 
decision-making with an eye to the future rather than on what has happened 
in the past, they pool information from a large uumber of qualified experts, 
and they provide a means of relating the research effort explicitly to a 
set of goals. The disadvantages are that those methods which draw on the 
opinion of a large number of experts can be quite costly and time-consuming, 
and that the pooling of a large number of opinions may do little more than 
pool ignorance. It is probably for these reasons that the more complicated 
methods have often been used only once. 
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263. It is our judgment that one of the methods that seeks to obtain 
the informed judgment of a large group of experts may have some merit if 
they are used, say, once every five years. If used in this way, they can 
provide a source of ideas and suggestions , as well as informed judgment about 
the appropriateness of research strategies being used. On a continuing basis, 
we believe there is considerable merit in the approaches taken by Castro 
and Schuh and by Norton and Easter, since they provide a means of feecding 
some rigorous analytical research into the decision-making process. 
264. An important need is for more development work with all the s 
ante models. 
Ghted. 
In our view thLe D in R and D for these models has been 
VI. CONCLUSIONS AND RECQ?!iMENDATIONS 
265. The preceding 'clzapters suggest that evaluating agricultural research 
is a complex task that presents the analyst with a wide range of alternatives 
and challenges. Methodological developments have probably outrun the avail- 
ability of data to,use the analytical tools at hand. And the need for judgment 
on a wide range of issues suggests that the mechanical implementation of a 
given procedure or procedures could be more dangerous than productive. 
266. Yet the need to evaluate agricultural research and its impact on the 
economy is clear. Budget procedures in most countries no longer permit the 
allocation of budget funds without some analysis of their alternative payoffs. 
Even more importantly, agricultural research is a clear case where private 
costs and returns diverge fram social costs and returns. Hence, if re8sources 
are to be allocated to agricultural research in the socially optima3 manner, 
some assessment of the costs and returns of such research is needed. 
267. The tools discus;sed! above also have other uses. They provide a means 
of understanding the contributions and social costs of agricultural research. 
With such knowledge in hand, policymakers can devise more rational science and 
technology palicies. SimiLarly, a fuller understanding of the forces that 
technical change brings into play, and of the forces that in turn influence it, 
provides a guide to complementary policies that are needed for the reeaarch to 
make its maximum contribution to social and economic development. 
268. Our principal conclusions and recommendations for research administrators, 
policymakers, researchers, and research analysts at large, are as follows: 
a. The various methods, procedures, and approaches discussed above, 
should be used as a means and not as an end. The empirical and 
other results which they generate can be only one input into the 
larger decision-making process. They offer no panacea, nor should 
they be used as the sole basis for decision-making. 
b. An over-emphasis on evaluating research and assessing and monitoring 
research can stifle activity and destroy research entrepreneurship. 
Both of these are critical to having a vital research system. 
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C. Agricultural researrth earn contribute ts social and ecsnomic 
development in a number of important ways. To date, major emphasis 
has been on research that increases output directly, and relatively 
less has been placed on indirect contributions. e study and 
evaluation of research should have a broad perspective. 
d. A clear specification of goals is imperative ff research is to 
be evaluated effectively or if research priorities are to 
establfshed. To the extent that the goals are in conflict, one 
with the other, some attempt has to be made to establish the 
trade-offs among the various goals. 
e. The goals for a given country or region will depend on the 
stage of development of the economic or political entity, and 
on the economic policies in effect. The same applies to fndi- 
vidual research centers and to research systems. 
f. The identification and measurement of the side effects of 
agricultural research or technical change is essential 3.f 
rational policies are to be devised. Pm some cases these side 
effects will represent net benefits; in other cases they may 
represent net costs. In general it will be difficult to compress 
the direct and indirect effects of technical change into a 
single-valued parameter. That is no excuse for ignoring the 
indirect effects. Their evaluation makes for a more precise 
measurement of the costs and benefits of research, and also 
provides the basis for determining what complementary policies 
are needed. 
80 The various methods which attempt to evaluate agricultural 
research on the basis of historical data are best used in an 
attempt to understand the process of technical change and 
thereby to provide guidance for improved policymaking, Clearly, 
the past can be a guide to the future, and in particular, a 
series of cost-benefit analyses and/or estimates of the social 
rates of return to investments in agricultural research can 
give the policymaker some notion of whether he has been under- 
or over-investing in agricultural research. But the future 
may be different from the past and so care should be exercised 
in extrapolating to an uncertain future. 
h. General equflibrium or "external" effects should be taken 
account of in estimatfng the costs and benefits of agricultural 
research. Under certain circumstances these effects will 
represent net costs. The important point is that there are 
some well-developed procedures for measuring such effects. 
i. The fact that cost-benefit ratios and the rate of return should 
be low does not mean that the researchers involved are not 
productive in the usual meaning of that term. The generation 
k. 
1. 
m. 
n. 
Qf ne,p’ +--“-b ---F~? -’ hcl”? SQp,jaF?- FJen$rS~+ 
present 
L-E even though with the 
sccice a:: our knowledge we cannot measure it. Moreover, 
the social payoff may be low because of the economic policies 
being ~;r.?~ued. For these and other reasons, the benefit-cost 
frame~rork and results s%ould be used in drawfng normative 
inferences with a great deal of care, 
The method chosen 'to evaluate research should be conditioned on 
the availabIlity of appropriate data. Often, simple approac.hes 
which are less demanding fn terms of data are more useful than 
more complicated procedures which have to be based on more 
precarious data. 
The various ex antIe methods, or the methods which look to the 
future, are cstzpropriate in establishing research priorities. 
The advantage of hhese procedures is that they provide a formal 
means of using pooled judgment, 
Methods which depend on the pooling of judgment should be 
complemented to the extent possible with hard data and 
evidence, and with studies which draw on historical experience. 
The use of scoring and other methods can be very demanding of 
highly qualified people. Hence, the systematic use of such 
procedures are recommended only when initiating new research 
programs and at #about five-year intervals thereafter. 
Technological assessment should be an integral part of any 
significant research effort that is expected to have a 
signfficant effect on the economy. Technological assessment 
usually requires multi-disciplinary teams. The results from 
such assessments can usually be a valuable input into outreach- 
extension type programs, and to policymaking at large. 
The establishment of a sound science and technology policy is the 
key to developjlng a productive and efficient research effort. 
Recommendations 
269. Our recommendations for the CGIAR are as follows: 
a. Develop a constructive and positive attitude towards the evaluation 
and assessment of agricultural research. Analyses of research and 
of the tipact of technical change should be viewed as an attempt 
to understand a process, rather than as a judgment of individ,ual 
researchers and r,esearch centers. 
b. Develop the capab,ility at each ceneer to do research designed to 
'.develop a sound technolopy policy. This should be a research- 
activity that is an integral part of a center's ongoing research 
effort, and should be an interdisciplinary effort. Among other 
things, it would address itself to the following: - 
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(i) 
(ii> 
(iii) 
(iv> 
(VI 
Evaluating the direct and indirect benefits of the 
various research thrusts within the center; 
evaluating the actual and potential social costs of 
the technical .change induced by research in 
the form of displaced labor, losses due to induced 
shifts in comparative advantage, ecological consequences, 
and other side effects; 
evaluating how new production technologies fit into existing 
farm organizations and suggesting new lines of research to 
adapt the technology for widespread adoption; 
evaluating economic policies and institutions that 
influence whether the particular innovation is adopted 
or not; 
conducting research on research so as to develop a 
better understanding of the research process itself, its 
role in stimulating technical and social changes, and 
the interaction of new technology with social and 
economic policy. 
270. Clearly, this could evolve into an important research program in its 
own right, and for some centers, we believe it should. Such an effort is 
justified because it will generate knowledge useful to the centers in their 
general program development and evaluation, while at the same time generating 
knowledge which will be an important input into the overall development process. 
In addition, an important by-product of this research will be information useful 
for framing budget requests and seeking additional funds. 
271. We believe such a program should receive high priority in the 
consideration of new programs. Technical change in countries, such as the 
United States, has not been as efficient as it might have been, wh%le at the 
same time it has imposed large costs on particular groups in society who had 
to bear the burden of the adjustment to technical change. Most low-income 
countries have neither the flexibility nor infrastructure to handle the adjust- 
ment process as well as the more advanced countries have had at the peak of 
their technological transformations. 
272. The additional costs of such efforts need not be charged against 
science and technology policy alone. These efforts would generate substantial 
information and knowledge that could be used in outreach programs and as the 
basis for improved economic, social and technological policy in individual 
countries. 
C. Develop at each center a systematic means of establishing research 
priorities. Each individual center should develop its own 
procedures, drawing on past experience with methods now available 
and taking into consideration the unique mission of each center. 
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273. An important step in establishing this procedure will be to reach 
agreement on the goals of the center. The mere statement of appropriate goals 
is an important step in developing an efficient.research program. 
274. A systematic review of priorities need not be undertaken more 
frequently than every five years, perhaps in conjunction with the five-year 
reviews to be undertaken 'by the TAC. The ana3yses and research carried out as 
a result of the interdiscipl.inary effort outlined above would be an important 
input into this review process. 
Conclusion 
275. The extra effort the centers would put into assessing research and 
its potential would give rise to some additional cost, but this need not be 
great and the effort might well result in savings as a result of greater 
efficiency in the design and conduct of the center's research programs. Some 
additional effort might also be required from the CGTAk's services--the CG 
Secretariat and TAC and i.ts secretariat, Their reviews of the centers' 
programs should take in this activity as much as others and they should be 
geared to offer advice and help in this area when needed. 
F 
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The Iowa Model 
It is possible to represent the Iowa model algebraically in the 
I/ following way :- 
Identify each project as Pj and let there be n projects to be evalu- 
ated, Le., j * 1, 2, C.-S IL fine 
c 
3 
= cost of P 
j 
in terms of 
c = input of resource i to P 
23 3' 
and ' 
% =weighting scheme for the resource inputs (price of the re- 
source), 4 
aad G j - hPkj* wh@re , _ 
% 
= growth contribution of PJ in tems of 
% 
= contribution of P 
JI 
to growth aspect k (resources saved, 
increase in output). 
. 
Wk = weighting scheme representing relative importance of each 
growth aspect considered, . 
5 = contribution of P d to the equ%ky objective in terms of 
L/ This presentation foll!ows clokly the one by Paulsen and Kaldor (63). 
-7o- . 
-v 
of the contribution of each P, to the overall goal of growth-equity- 
. 
security, the panels have to establish (social) preferences, Wt, t - 
1, 2, 3 and compute BJ as previously defined. Then a Bj/Cj ratio can be 
computed, representing an index of total cost-effectiveness of each P j 
o 
Wh - 
c 
and 
. s - j 
'rj = 
'h = 
and 
3 = 
- 6% - 
contribution of P 
1 
to equity aspect h (absolute, and relative 
equ it39 
weighting scheme representing the relative importance of 
each equity aspect considered, 
contribution of P 
j 
to the security objective in terms of 
* 
contribution of P 
cl 
to security aspect r (security of person, of 
WS r rj' where 
propem l Other aspects might be related to quality of pro- 
dusts, to consumer health, nutrition, life preservation, ne- 
sources (soil) depletion, etc. 
weighting scheme representing the relative importance of each 
. 
security aspect: considered, 
Bj - "Gj + "2Ej + W3SjI where' 
contribution of P l/ 
3 
to overall goal of growth, equity, security- 
-. Gjs Ejs Sj * as previously defined , 
t W , t = 1,2,3, - weighting scheme representing the relative impor- 
tance of each goal (growth, equity, security) considered. 
Panel members as individuals and as a group have to provide estimates 
Of %j9 %js 'rj' define (supposedly socfal) preferences with respect to 
the relative importance represented by Wk, Whs and Wr, estimate @  ij 
and 
define (supposedly market) weights W%, compute G., E and C for J 1' 5' j 
each P 
1' 
and finally compute growth-cost ratio 6 /C J j" 
equfty-cost ratios 
Ej/Cj 9 and security-cost ratl.os S /C for each P 3 d J' 
To obtain a measure 
Ai Sometimes B, is defined in a multiplicative instead of an additive way. 
See Mottley'and Newton (35). 
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APB IX B 
The Minnesota Node1 
Let B and C stand for the (discounted) present value of benefits and 
Costs, respectively. MMUUIS considers B and C stochastic variables that 
depend on the annual benefit from the research assuming 100 percent adop- 
tion of its findings (v), the adoption pattern eve; time (a(t)>, on the 
"scrap" value of some research facilities (S), on the "process" value of 
resetireh (Pr(t,e'>). This relationship then ia expressed algebraically 
as 
(11 b - fv tsf+l a(t)%t + Skt + Pv(t,c'), where 
T = random value from the probability distribution (P(t)) of time re- 
quired to complete the research activity; 
-- k - dticounting factor = (14-T) -1. 9 c 
f comes from a probability distribution P(F) of technological 
of the project; 
feasibility 
v comes randomly from a probability distribution P(V) of estimated annual 
average benefit at 100% of adoption. 
Similarly, a single value c from the probability distributfoa C is 
assumed to depend 0x1 the average annual expenditure 0x1 the reseat& acti- 
vity '(C), on the maximum annual dissemination expenditure(E), and on the 
time path of dissemination cost of research (d(t)) starting c&z period 
after the project is completed (T i- 1). 'The algebraic representation 
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-+ ?..%Bf: relationship is 
e 
e - C' @  ke + E: E d(t)kt 
t-1 tW+l 
ote that the adoption pattern over t%me (a(t))e and the time path of 
d%sse a/ mtion costs (d(t)), are specified functions of time.- 
2/ specified group procedures- all the variables are estimated. 
"Estimators" are given alternative levels of C' for ea'ch project. Call it: 
!$s9 the level of average annual expenditure on prdject. j; Then, for each 
c;ks “estimators" provide P(T .fk 
), a probability distribution of time to 
. . 
fete the research j funded at-level k anmal.ly. Then, using the mean 
of P(Tjk) and CikS estimates of benefits are made,. resulting in a pro- 
babili.tp distribution P(Bjk) of benefits from project j, funded at level 
. 
of amual expenditure, and given the mean expected tfme for cdmpletim. 
w9 Gj,, jlc jk P(T ), P(B* ) anid some specified level k of expenditure permit 
e computation of b and c ,through equations (1) and (2) above, for each 
p&ject j . Note that the probability distribution of benefits estimated 
by the "estimatqrs" fk P(B* ) is "weighted" by the probability distribution 
f tecbnologicd feasibility P'(Fjk) for each j, k-combination to give the 
resulting probability distribution P(B ) of benefits to be used to com- 
3/ 
jk 
pute b.- A random sampling procedure from the probability distribution 
f the jlnvolved stochastic vatiables, sin e valued estimates of the 
ther variables, aud E(P(Tjk))S computations with equations (1) ad (2), 
‘&I The reader interested in their specific algebraic form may refer to 
Fiehel (20). 
a See Shunway (51) for a discussion of group procedures. 
3J - A discussion of the problems of putting a value on the research results 
ia found in Fishel (20). 
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the cost-benefit and ratio formulas, and the internal rate of return -. 
formulas, gives repeated, probability distributed 'estimates of these 
parameters, B-C, B/C, IRR. A large number of repetitions will increase 
1/ the confidence of the estimate of B-C, B/C and IRR.- 
4 
. 
h/ The estimates will converge to the parameters as the number of 
repetitions is increased. 
